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LQJ RI WKH WZRSKHQRPHQD , K\SRWKHVL]HG WKDW WKH H[SDQVLRQ RI EURZQ DGLSRVH WLVVXH LQ WKH
KLJKIDW-IHG60-PLFHGLUHFWO\FRQWULEXWHVWRWKHJO\FHPLFQRUPDOL]DWLRQWKURXJKVHFUHWLRQRI
SUR-KHDOWKF\WRNLQHVDQGE\VHUYLQJDVDPRUHHIILFLHQWJOXFRVHVLQN 
7KRXJK EURZQ DGLSRVH LV SULPDULO\ DVVRFLDWHG ZLWK PHWDEROLF LPSURYHPHQW WKURXJK
WKHUPRJHQLFDFWLRQ,IRXQGQRHYLGHQFHWKDWWKHH[SDQVLRQRIEURZQDGLSRVHWLVVXHLQKLJKIDW-
IHG60-PLFH OHDGV WR LQFUHDVHG WKHUPRJHQHVLV7KHUH LVQRFKDQJH LQ WKHH[SUHVVLRQRI WKH
WKHUPRJHQLFJHQHV8FS&LGHDDQG(YDQRULVWKHUHDQ\FKDQJHLQPLWRFKRQGULDO'1$FRQ
WHQWEURZQDGLSRF\WHPRUSKRORJ\DQG8FSVWDLQLQJFRUHERG\WHPSHUDWXUHRUFLUFXODWLQJOHY
HOV RI WKHUPRJHQHVLV-DFWLYDWLQJ FDWHFKRODPLQHV ,QVWHDG , IRXQG WKDW WKH H[SUHVVLRQ OHYHOV RI






























































 $GLSRVH LV DQ LQFUHGLEO\ FRPSOH[ WLVVXH &RPPRQO\ WKRXJKW RI LQ WHUPV RI HQHUJ\
VWRUDJHDGLSRF\WHVDOVRVHFUHWHDZLGHYDULHW\RIF\WRNLQHVWRFRRUGLQDWHV\VWHPLFKHDOWKZLWK
YDULRXVRWKHUPHWDEROLFRUJDQV7KHLQDELOLW\RIDGLSRVHWLVVXHWRNHHSXSZLWKH[FHVVQXWULHQW
OHYHOV LV D KDUELQJHU RI LPSHQGLQJ PHWDEROLF GLVRUGHUV FDXVLQJ DGLSRF\WH K\SHUWURSK\
LQIODPPDWLRQ LQVXOLQUHVLVWDQFHDQGHFWRSLFOLSLGGHSRVLWLRQLQWRRWKHURUJDQV7KHUHDUHWZR
SULPDU\ W\SHV RI DGLSRVH ³ZKLWH´ DQG ³EURZQ´:KLWH DGLSRF\WHV DUH FKDUDFWHUL]HG E\ RQH
ODUJHOLSLGGURSOHWWKDWRFFXSLHVDOPRVWDOORIWKHFHOOPDVV%URZQDGLSRF\WHVFRQWDLQPXOWLSOH
VPDOOHUOLSLGGURSOHWVDVZHOODVPDQ\PLWRFKRQGULDWKDWFDXVHWKHVLJQDWXUHEURZQFRORURIWKH
FHOO%RWK W\SHVRIDGLSRVHVWRUHHQHUJ\ LQ WKHIRUPRI OLSLGGURSOHWVDQGVHFUHWHF\WRNLQHV WR
LQIOXHQFH V\VWHPLF PHWDEROLVP KRZHYHU EURZQ DGLSRVH FDQ DOVR XQGHUJR QRQ-VKLYHULQJ
WKHUPRJHQHVLVWRUHOHDVHHQHUJ\DVKHDW 
,GHQWLI\LQJ GLIIHUHQFHV LQ DGLSRVH IXQFWLRQ EHWZHHQ KHDOWK\ DQG XQKHDOWK\ PHWDEROLF
VWDWHVLVFULWLFDOIRUXQGHUVWDQGLQJKRZWRSUHYHQWRUDPHOLRUDWHDGLSRVHG\VIXQFWLRQWKDWOHDGV
WRPHWDEROLFGLVRUGHUV0\WKHVLVIRFXVHVRQFKDUDFWHUL]LQJWKHUROHRIEURZQDGLSRVHWLVVXHLQD
PRXVHPRGHORIKHDOWK\REHVLW\+HUH , SUHVHQW FXUUHQWNQRZOHGJHRQREHVLW\ DQGPHWDEROLF
G\VIXQFWLRQ LQKXPDQVDQGPRXVHPRGHOV , WKHQGHWDLOPHWDEROLFDQGHQGRFULQHIXQFWLRQVRI
EURZQDGLSRVHWLVVXHLQSDUWLFXODUDQGKRZWKHVHIXQFWLRQVFDQFKDQJHLQREHVLW\RUPHWDEROLF
GLVRUGHUV,DOVRSUHVHQWWKHWUDQVFULSWLRQDOUHJXODWLRQRIEURZQYHUVXVZKLWHDGLSRF\WHLGHQWLW\







 2EHVLW\DQGPHWDEROLFGLVRUGHUVDUHDSXEOLFKHDOWKHSLGHPLF LQ WKH8QLWHG6WDWHVDQG




%OKHU %URFKX 'HQLV	2ELQ .DUHOLV 3ULPHDX :LOGPDQ
H[FHVVERG\ZHLJKWLVDSUHGRPLQDQWULVNIDFWRUIRUW\SH,,GLDEHWHVDQGDOWHUHGJOXFRVH
KRPHRVWDVLV &ROGLW] 'H<FD]D  6PLWK  ([FHVV ERG\ZHLJKW FDQ OHDG WR
GHYHORSPHQW RI DGGLWLRQDO PHWDEROLF FRPSOLFDWLRQV GXH WR WKH LQDELOLW\ RI H[LVWLQJ DGLSRVH
GHSRWV WR NHHS XS ZLWK EORRG QXWULHQW OHYHOV *XVWDIVRQ  $GLSRVH WLVVXH VHUYHV DV D
VWRUDJHRUJDQWDNLQJLQJOXFRVHDQGOLSLGVDQGPDLQWDLQLQJWKHPLQOLSLGGURSOHWVDVLQVXUDQFH
DJDLQVWIXWXUHHQHUJ\GHILFLWV&KRXFKDQL	.DMLPXUD3URORQJHGQXWULWLRQDOH[FHVVDQG




 *UDQW 	 'L[LW  *XLOKHUPH  6 .OHLQ 	 5RPLMQ  /XPHQJ 
0HKUDQ2XFKLâNRSNRYi6SRWR6XQ:HLVEHUJ 
 2EHVLW\ GLDEHWHV DQG RWKHU PHWDEROLF GLVHDVHV KDYH VWURQJ JHQHWLF DQG HSLJHQHWLF
FRPSRQHQWV %DUURVR 	 0F&DUWK\  3LJH\UH  7KHUH KDYH EHHQ VHYHUDO VWXGLHV
LGHQWLI\LQJPRQRDOOHOLFGULYHUVRIREHVLW\6Q\GHU6WXW]PDQQDQGPDQ\JHQH-E\-
HQYLURQPHQW)UDQNV/L	4L/OHZHOO\Q	:DUGOH1DJSDO:DQJ
 DQG JHQRPH-ZLGH DVVRFLDWLRQ VWXGLHV *:$6 RI REHVLW\ DQG W\SH ,, GLDEHWHV LQ
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 SDUWLFXODU )DOO	 ,QJHOVVRQ +HLG 7XUFRW :LOOLDPV  3DWLHQWVZLWK
REHVLW\ DQG W\SH ,, GLDEHWHV KDYH DOWHUHG '1$ PHWK\ODWLRQ SURILOHV FDXVLQJ DOWHUHG JHQH




WKDW KXPDQV DUH JHQHWLFDOO\ KHWHURJHQHRXV LW LV QRW VXUSULVLQJ WKDW WKH HIIHFWV RI GLHW DQG
REHVLW\ LQPLFH LV KLJKO\ VWUDLQ-VSHFLILF )RQWDLQH	'DYLV 0RQWJRPHU\(YHQ
FORVHO\ UHODWHG VXE-VWUDLQV RI WKH RIW-XVHG &%O LQEUHG PRXVH VWUDLQ VKRZ GLIIHUHQFHV LQ
PHWDEROLFUHVSRQVHWRXQKHDOWK\GLHWV$WWDQp6LPV0DQ\VWXGLHVKDYHFRPSDUHG
YDULRXVLQEUHGPRXVHVWUDLQVZKHQH[SRVHGWRDKLJKIDWGLHWFODVVLI\LQJPLFHDVHLWKHUREHVLW\-















&KHYHUXG  (KULFK  5HFHQWO\ WKHVH VWUDLQV KDYH EHHQ XVHG WR LQWHUURJDWH WKH
JHQHWLFDUFKLWHFWXUHEHKLQGPHWDEROLF WUDLWV9DULRXVOHYHOVRIDQDGYDQFHGLQWHUFURVVEHWZHHQ
WKH /*- DQG 60- PLFH KDYH OHG WR WKH LGHQWLILFDWLRQ RI TXDQWLWDWLYH WUDLW ORFL XQGHUO\LQJ
REHVLW\DQG W\SH ,,GLDEHWHV-UHODWHGPHWDEROLF WUDLWV &KHYHUXG&KHYHUXG.UDMD




%URZQ DGLSRVH KDV EHHQ H[WHQVLYHO\ VWXGLHG DV D WKHUPRJHQLF RUJDQ 7KH DELOLW\ WR
UHOHDVH HQHUJ\ LQ WKH IRUP RI KHDW NQRZQ DV QRQ-VKLYHULQJ WKHUPRJHQHVLV ZDV ILUVW
FKDUDFWHUL]HG DV D ZD\ IRU QHZERUQ PDPPDOV WR UHJXODWH WKHLU ERG\ WHPSHUDWXUH
7KHUPRJHQHVLV KDV VLQFH EHHQ LGHQWLILHG DV D SRWHQW UHJXODWRU RI PHWDEROLF KRPHRVWDVLV
&DQQRQ	1HGHUJDDUG  &KHFKL  RI SDUWLFXODU LQWHUHVW VLQFH WKH FRQILUPDWLRQ RI
DFWLYHEURZQDGLSRVHGHSRWV LQWKHVXSUDFODYLFXODUUHJLRQRIDGXOWKXPDQVMXVWRYHU WHQ\HDUV
DJR &\SHVV 1HGHUJDDUG 6DLWR  YDQ0DUNHQ/LFKWHQEHOW 9LUWDQHQ
7KHUPRJHQLFDFWLYDWLRQ UHVXOWV LQ WKH LQWDNHRIJOXFRVHDQG OLSLGV IURP WKHEORRG LQWR
EURZQ DGLSRF\WHV DQG FDQ WKXV EH XWLOL]HG WR QRUPDOL]H PHWDEROLWH OHYHOV %DUWHOW 
&KRQGURQLNROD  &KRQGURQLNROD  )URPPH 	 .OLQJHQVSRU  )X 
0DWVXVKLWD0F*ODVKRQ2XHOOHW:HLU,QGHHGLQFUHDVLQJWKHDPRXQW
RI EURZQ DGLSRVH WLVVXH WKURXJK WUDQVSODQWDWLRQ KDV EHHQ VKRZQ WR LPSURYH JOXFRVH
KRPHRVWDVLVDQGLQVXOLQVHQVLWLYLW\6WDQIRUGLQFUHDVHZKROH-ERG\V\PSDWKHWLFDFWLYLW\
WR UHVLVW GLHW-LQGXFHG REHVLW\ =KX  UHYHUVH W\SH , GLDEHWHV *XQDZDUGDQD 	 3LVWRQ




RU VXUJLFDOPHWKRGV UHVXOWV LQ REHVLW\ K\SHUJO\FHPLD K\SHULQVXOLQHPLD DQG K\SHUOLSLGHPLD
+DPDQQ/RZHOO6KDQNDU 
,QVXOLQDQG$GUHQHUJLF6LJQDOLQJ 
1RQ-VKLYHULQJ WKHUPRJHQHVLV LQ EURZQ DGLSRF\WHV RFFXUV WKURXJK WKH DFWLRQ RI
XQFRXSOLQJSURWHLQ 8&3ZKLFKDOVR VHUYHVDV WKHSULPDU\ WUDQVFULSWLRQDODQGSURWHRPLF
PDUNHU RI DGLSRF\WH WKHUPRJHQLF FDSDFLW\ 8&3 DFWV WR LQFUHDVH SURWRQ OHDNDJH DFURVV WKH
LQQHUPLWRFKRQGULDOPHPEUDQHFDXVLQJIXWLOHHQHUJ\UHOHDVHDVKHDWLQVWHDGRI$73V\QWKHVLV
.OLQJHQVSRU  $FWLYDWLRQ RI WKHUPRJHQLF DFWLYLW\ LV JHQHUDOO\ DFKLHYHG E\ EHWD-
DGUHQHUJLF VLJQDOLQJVWLPXODWHG WKURXJKQHXURQDO UHOHDVHRI WKHFDWHFKRODPLQHQRUHSLQHSKULQH
LQUHVSRQVHWRFROGRUGLHWDU\VWLPXOL%DUWQHVV%URQQLNRY+LPPV-+DJHQ
3XOLQLONXQQLO :KLOH QRUHSLQHSKULQH VLJQDOLQJ DOVR LQGXFHV JOXFRVH XSWDNH LQWR EURZQ
DGLSRF\WHV LW LV XQFOHDU ZKHWKHU WKLV LV GHSHQGHQW RQ 8&3 DFWLYLW\ RU QRW +DQNLU 
,QRNXPD$GGLWLRQDOO\WKHQHFHVVLW\RIHDFKFRPSRQHQWRIWKHQRUHSLQHSKULQH–8&3
VLJQDOLQJ SDWKZD\ IRU WKHUPRJHQHVLV DQG UHVXOWLQJ PHWDEROLF LPSURYHPHQW VHHPV WR EH
GHSHQGHQWRQDJH$UDL]DPELHQWWHPSHUDWXUH)HOGPDQQ/LXDQGJHQHWLF
EDFNJURXQGXVHGGH-RQJ(QHUElFN8NURSHF 
%RWK QRUHSLQHSKULQH DQG LQVXOLQ VLJQDOLQJ FDXVH EURZQ DGLSRF\WHV WR WDNH XS JOXFRVH
IURPWKHEORRG&KRQGURQLNROD3HLUFH	9LGDO-3XLJSURFHVVHVWKDWDUHEOXQWHGLQ
REHVLW\ 2UDYDDQGGLDEHWHV /DSD7KHVHSURFHVVHVDUH LQGHSHQGHQW IURPHDFK
RWKHU 0DUHWWH 	 %XNRZLHFNL  2OVHQ  2UDYD  6KLPL]X  DQG





 LPSURYHG ZKROH-ERG\ LQVXOLQ VHQVLWLYLW\ VXJJHVWLQJ WKDW WKH FRQWULEXWLRQ RI EURZQ DGLSRVH
WLVVXHWRSUHYHQWLRQRILQVXOLQUHVLVWDQFHFDQRFFXUFRPSOHWHO\LQGHSHQGHQWO\RIWKHUPRJHQHVLV
0DKGDYLDQL  ([SORLWLQJ LQVXOLQ VLJQDOLQJ LQ EURZQ DGLSRVH WLVVXH LV RQH DYHQXH WR
H[SORUHZHLJKWORVV-LQGHSHQGHQWUHJXODWLRQRIJOXFRVHKRPHRVWDVLV0DUODWWSDUWLFXODUO\
VLQFH LQFUHDVLQJ WKH H[SUHVVLRQ RI WKH LQVXOLQ-UHVSRQVLYH JOXFRVH WUDQVSRUWHU *OXW LQ DOO





LV DOVR D FULWLFDO HQGRFULQH RUJDQ WKDW VHFUHWHV QXPHURXV SURWHLQV WR FRRUGLQDWH PHWDEROLVP
DPRQJVWYDULRXVGLIIHUHQWRUJDQV'HVKPXNK3RHNHV9LOODUUR\D9LOODUUR\D
:DQJ :KLWWOH 0DQ\ RI WKHVH DGLSRNLQHV DUH H[SUHVVHG DQG VHFUHWHG E\




 $GLSRQHFWLQDQG OHSWLQDUH WZRFODVVLFDGLSRNLQHV WKDWGUDPDWLFDOO\ DIIHFWZKROH-ERG\
PHWDEROLVP)XQFNH	6FKHUHU+RXGH$GLSRQHFWLQLVDSUR-KHDOWKDGLSRNLQHILUVW
LGHQWLILHG LQ  DQG GRZQUHJXODWHG LQ REHVLW\ +X  $GLSRQHFWLQ LPSURYHV OLSLG
KRPHRVWDVLV $VWHUKROP 	 6FKHUHU  LQ REHVH PRXVH PRGHOV FDXVLQJ D UHGXFWLRQ LQ
HFWRSLF OLSLGV WKDW OHDGV WR LPSURYHG LQVXOLQ VHQVLWLYLW\ <DPDXFKL  <DPDXFKL 





DSDUDFULQHPDWWHU WR LQFUHDVH WKHDPRXQWRIEURZQDGLSRVH WLVVXHPDVV WKURXJKDGLSRJHQHVLV
:DJRQHUWKXVOHDGLQJWRLQFUHDVHGLQVXOLQ-VWLPXODWHGJOXFRVHXSWDNH:DQJDQG
LPSURYHG ZKROH-ERG\ JOXFRVH WROHUDQFH DQG LQVXOLQ VHQVLWLYLW\ '¶VRX]D  'L6LOYHVWUR
 
 1HXUHJXOLQ  1UJ ZDV WKH ILUVW DGLSRNLQH LGHQWLILHG DV EURZQ IDW-HQULFKHG
([SUHVVLRQ RI1UJ LQFUHDVHV GXULQJ EURZQ DGLSRF\WH GLIIHUHQWLDWLRQ DQG LV UHGXFHG LQ ERWK
KXPDQDQGURGHQWREHVLW\ :DQJ1UJUHGXFHVKHSDWLFVWHDWRVLV WKURXJKDFWLYDWLRQRI
KHSDWLFIDWW\DFLGR[LGDWLRQDQGLPSURYHVZKROH-ERG\LQVXOLQVHQVLWLYLW\E\LQFUHDVLQJLQVXOLQ-
VWLPXODWHGJOXFRVHXSWDNH LQ VNHOHWDOPXVFOH &KHQ:DQJ ,Q DGGLWLRQ WR WKHVH
HQGRFULQH IXQFWLRQVZLWKLQ EURZQ DGLSRVH WLVVXH1UJ DFWV WR SURPRWH DQJLRJHQHVLVZLWK D
FRQGLWLRQDONQRFNRXWPRXVHPRGHOVKRZLQJUHGXFHGEORRGYHVVHOVDQGLQFUHDVHGDGLSRVLW\DQG
SRRUJOXFRVHWROHUDQFHRQQRUPDOFKRZGLHW1XJURKR 
 )LEUREODVWJURZWK IDFWRU )JI VHFUHWHGE\EURZQDGLSRVH WLVVXHDIIHFWV V\VWHPLF
PHWDEROLVP WKURXJK D ZLGH UDQJH RI RUJDQV 3RHNHV  )JI DFWV XSRQ WKH EUDLQ WR
LQFUHDVH OLYHU LQVXOLQ VHQVLWLYLW\ LQ GLHW-LQGXFHG REHVLW\ 6DUUXI  DQG XSRQ WKH KHDUW WR
DWWHQXDWH FDUGLDF UHPRGHOLQJ GXULQJ K\SHUWHQVLRQ 5XDQ  7KRXJK LWV VHFUHWLRQ LV








 ZKLFK PD\ KDYH FDXVHG WKH GLVFUHSDQF\ LQ UHVXOWV DQG IXUWKHU KLJKOLJKWV WKH QHFHVVLW\ RI
FRQVLGHULQJJHQH-E\-HQYLURQPHQWLQWHUDFWLRQVZKHQLQWHUSUHWLQJSK\VLRORJLFDOGDWD 
 $V D KHDYLO\ YDVFXODUL]HG WLVVXH SURSHU EURZQ DGLSRVH H[SDQVLRQ DQG IXQFWLRQ UHOLHV
XSRQ SURSHU DQJLRJHQHVLV 6XQ  7KH DGLSRNLQH YDVFXODU HQGRWKHOLDO JURZWK IDFWRU $










H[SUHVVLRQ LQ REHVLW\ SURPRWH ILEURWLF H[WUDFHOOXODU PDWUL[ FRPSRVLWLRQ VXFK DV PDWUL[
PHWDOORSURWHDVHV &KDYH\  /HH  0DUWLQH]-6DQWLEDQH]  DQG VHPDSKRULQV
0HMKHUW  6KLPL]X  7KLV DOWHUDWLRQ RI WKH H[WUDFHOOXODU PDWUL[ FDQ ERWK LQKLELW
DGLSRVHH[SDQVLRQ OHDGLQJ WRK\SR[LDDQGHFWRSLF OLSLGVDQGFDXVH LQVXOLQ UHVLVWDQFHZLWKLQ
WKHDGLSRVHGHSRW+DOEHUJ.LP6XQ 
 0XOWLJHQHUDWLRQDOH[SRVXUHWRDKLJKIDWGLHWFDXVHVK\SRPHWK\ODWLRQDQGFRUUHVSRQGLQJ
LQFUHDVHGH[SUHVVLRQRISUR-LQIODPPDWRU\JHQHV LQDGLSRVH WLVVXH'LQJ ,QIODPPDWLRQ






H[SUHVVLRQ DQG ORZHU JOXFRVH XSWDNH .LP  6KLQ  2WKHU SUR-LQIODPPDWRU\
F\WRNLQHVKDYHEURDGHULPSDFWVRQV\VWHPLFPHWDEROLVP&KLGDRULQKLELWWKHUPRJHQHVLV





FRQGLWLRQV VXFK DV WKHUPRJHQLF VWLPXOL EURZQ-OLNH DGLSRF\WHV FDQ DSSHDU LQ ZKLWH DGLSRVH
GHSRWV %HUU\ 7KHVH DGLSRF\WHV DUH FDOOHGEHLJH DGLSRF\WHV DQGYDULRXV VWXGLHVKDYH
GHWHUPLQHGWKDWEHLJLQJLVFDXVHGE\ZKLWHWREURZQDGLSRF\WHWUDQVGLIIHUHQWLDWLRQ%DUEDWHOOL
 &LQWL  +LPPV-+DJHQ  5RVHQZDOG  %URZQ DQG EHLJH DGLSRF\WH
LGHQWLW\ LV HSLJHQHWLFDOO\ UHJXODWHG %UXQPHLU  6KDSLUD  E\ KLVWRQH GHDFHW\ODVHV
%DJFKL  (PPHWW  5DMDQ  ORQJ QRQFRGLQJ 51$V $OYDUH]-'RPLQJXH]
 /L  DQGPLFUR51$V )X +H 0RUL 0RUL  6XQ 
7UDMNRYVNL7UDMNRYVNL	/RGLVK;X 
$OOW\SHVRIDGLSRF\WHVRULJLQDWHIURPPHVHQFK\PDOVWHPFHOOVDQGUHTXLUHWKHDFWLRQRI
WKH WUDQVFULSWLRQ IDFWRU SHUR[LVRPH SUROLIHUDWRU-DFWLYDWHG UHFHSWRU-Ȗ 3SDUJ +DUPV	6HDOH
.DMLPXUD/RIW5RVHQ	0DF'RXJDOG6HDOH:DQJ	6HDOH
 %URZQ DGLSRF\WH OLQHDJH KDV DOVR EHHQ LGHQWLILHG DV KDYLQJ D VKDUHG SURJHQLWRUZLWK
VPRRWKPXVFOHFHOOV+HSOHU7LPPRQVEXWGLIIHUHQWDGLSRVHGHSRWVPD\FRQVLVW




DV D EURZQ DGLSRVH WUDQVFULSWLRQDO PDUNHU FRRUGLQDWLQJ YDULRXV SURFHVVHV VXFK DV
PLWRFKRQGULDO ELRJHQHVLV R[LGDWLYHPHWDEROLVP DQG DQJLRJHQHVLV &KDQJ  3XLJVHUYHU
 8OGU\  $QRWKHU EURZQ DGLSRVH WUDQVFULSWLRQDO PDUNHU 35 GRPDLQ ]LQF ILQJHU
SURWHLQ  3UGP FRQWUROV FKURPDWLQ DUFKLWHFWXUH WR GHWHUPLQH EURZQ RYHU ZKLWH
WUDQVFULSWLRQDOSURJUDP+DUPV.DMLPXUD6HDOHDQG LVDOVRDEURZQ IDW
VNHOHWDO PXVFOH VZLWFK 6HDOH  3SDUJ DJRQLVWV LQGXFH ZKLWH WR EURZQ IDW FRQYHUVLRQ
WKURXJK 3UGP &RKHQ  2KQR  ,QVXOLQ VLJQDOLQJ LV DOVR FULWLFDO IRU EURZQ
DGLSRJHQHVLVDV,UVLVUHTXLUHGIRUEURZQDGLSRF\WHGLIIHUHQWLDWLRQDQGDFWVXSVWUHDPRI3SDUJ




 7KRXJK JHQH-E\-HQYLURQPHQW LQWHUDFWLRQV KDYH EHHQ FKDUDFWHUL]HG LQPHWDEROLVP DQG




ZKLWH DGLSRVH GHSRWV WR XQGHUJR EHLJLQJ LQ UHVSRQVH WR GLHWDU\ IDW &RXOWHU  RU FROG-
H[SRVXUH ;XH  ,QYHVWLJDWLRQV LQWR JHQH-E\-HQYLURQPHQW LQWHUDFWLRQV LQ VSHFLILFDOO\
EURZQ DGLSRVH WLVVXH KDYH DOPRVW H[FOXVLYHO\ EHHQ OLPLWHG WR VWXGLHV RQ VSHFLILF DOUHDG\
LGHQWLILHGEURZQDGLSRF\WHLGHQWLW\JHQHV'D)RQVHFD3UDYHGQLNRYD<RQHVKLUR
 RU GLHW-LQGXFHG REHVLW\ LQ PRXVH PRGHOV ZLWK PDQLSXODWHG H[SUHVVLRQ RI RQH RU WZR
JHQHV %DOH  GH -RQJ  (QHUElFN  )X  *UQEHUJ 0DKGDYLDQL
 
 
  0HUFHU 	 7UD\KXUQ  3D]RV  6KHSKHUG  6\DPVXQDUQR 
7HPSOHPDQ  7HPSOHPDQ  *LYHQ WKH JHQHWLF YDULDWLRQ LQKHUHQW LQ KXPDQ





RI ZHHNV RU \RXQJHU$ IRUWXLWRXV DFFLGHQW VKRUWO\ SULRU WR WKH VWDUW RIP\ SURMHFW OHG WR




JDLQZHLJKW DQG IDWPDVV DQG VKRZHG D SDUWLFXODUO\ GUDPDWLF H[SDQVLRQ RI WKH LQWHUVFDSXODU
EURZQ DGLSRVH GHSRW WKDW KDV QHYHU EHIRUH EHHQ GHVFULEHG ,Q WKH IROORZLQJ FKDSWHUV , ZLOO
SUHVHQWP\UHVHDUFKDLPHGDWXQGHUVWDQGLQJDQGFKDUDFWHUL]LQJWKLVH[SDQVLRQRIEURZQDGLSRVH
WLVVXHDQGKRZLWDIIHFWVV\VWHPLFPHWDEROLVPLQWKHKHDOWK\REHVH60-PLFH 





7KH H[SDQGHG EURZQ DGLSRVH WLVVXH SULPDULO\ DIIHFWV V\VWHPLF PHWDEROLVP WKURXJK
LPSURYHPHQWV LQ LQVXOLQ VHQVLWLYLW\ZLWK XSUHJXODWHG H[SUHVVLRQ RI NH\ JHQHV LQ WKH LQVXOLQ-
 
 
 VWLPXODWHGJOXFRVHXSWDNHSDWKZD\ ,Q&KDSWHU , LGHQWLI\PXOWLSOHEURZQDGLSRVHJHQHFR-
H[SUHVVLRQ FOXVWHUV WKDW FRUUHODWHZLWKPHWDEROLF WUDLWV RU EURZQ DGLSRVHPDVV([SUHVVLRQ RI
JHQHVLQWKHVHFOXVWHUVLVKHDYLO\GHSHQGHQWRQGLHWDQGJHQHWLFEDFNJURXQGLQSDUWLFXODUJHQHV
HQULFKHGIRUFHOOGLYLVLRQIXQFWLRQKDYHKLJKH[SUHVVLRQLQKLJKIDW-IHG60-PLFH)LQDOO\LQ
&KDSWHU  , FKDUDFWHUL]H WKH WUDQVFULSWLRQDO FKDQJHV WKDW DFFRPSDQ\ WKH EURZQ DGLSRVH
H[SDQVLRQ LQ KLJK IDW-IHG 60- PLFH 7KLV H[SDQGHG EURZQ DGLSRVH KDV D KHDOWKLHU
WUDQVFULSWLRQDO SURILOH RI LQIODPPDWRU\ F\WRNLQHV DQG H[WUDFHOOXODU SURWHLQV 2QH JHQH LQ
SDUWLFXODU6IUSKDVSUHYLRXVO\EHHQLGHQWLILHGDVHQFRGLQJDSUR-DGLSRJHQLFF\WRNLQHLQZKLWH
DGLSRVH WLVVXH 7KH H[SUHVVLRQ RI 6IUS VKRZV D VLJQLILFDQW FRUUHODWLRQ ZLWK EURZQ DGLSRVH








































JO\FHPLF FRQWURO LQ REHVLW\ 2Q D KLJK IDW GLHW REHVH 60-PLFH LQLWLDOO\ GHYHORS LPSDLUHG
JOXFRVHWROHUDQFHDQGHOHYDWHGIDVWLQJJOXFRVHUHODWLYHWRORZIDW-IHGFRQWUROV6WULNLQJO\WKHLU
JO\FHPLFG\VIXQFWLRQUHVROYHVE\ZHHNVRIDJHGHVSLWHSHUVLVWHQFHRIREHVLW\$SURPLQHQW
SKHQRW\SH LV WKDW WKH PLFH GUDPDWLFDOO\ H[SDQG WKHLU EURZQ DGLSRVH GHSRWV DV WKH\ UHVROYH
JO\FHPLF G\VIXQFWLRQ 7KLV RFFXUV QDWXUDOO\ DQG VSRQWDQHRXVO\ RQ D KLJK IDW GLHW ZLWK QR
WHPSHUDWXUHRUJHQHWLFPDQLSXODWLRQ5HPRYDORIWKHEURZQDGLSRVHGHSRWVLJQLILFDQWO\UHGXFHV
LQVXOLQ VHQVLWLYLW\ LQGLFDWLQJ WKDW WKH H[SDQGHG WLVVXH FRQWULEXWHV WR PHWDEROLF KHDOWK E\
IXQFWLRQLQJDVDQLQVXOLQ-VWLPXODWHGJOXFRVHVLQN:HGHVFULEHPRUSKRORJLFDODQGSK\VLRORJLFDO
FKDQJHV WKDW RFFXU GXULQJ WKH XQLTXH EURZQ DGLSRVH H[SDQVLRQ DQG UHPLVVLRQ RI JO\FHPLF
G\VIXQFWLRQLQREHVH60-PLFH8QGHUVWDQGLQJKRZWKHH[SDQGHGEURZQDGLSRVHFRQWULEXWHV
WR JO\FHPLF FRQWURO LQ 60- PLFH ZLOO RSHQ WKH GRRU IRU LQQRYDWLYH WKHUDSLHV DLPHG DW
LPSURYLQJPHWDEROLFFRPSOLFDWLRQVLQREHVLW\ 
,QWURGXFWLRQ 
$Q HVWLPDWHG - RI REHVH LQGLYLGXDOV PDLQWDLQ JO\FHPLF FRQWURO DQG VRPH
ORQJLWXGLQDOVWXGLHVVXJJHVWWKHLUULVNRIGHYHORSLQJW\SH,,GLDEHWHVLVQRJUHDWHUWKDQPDWFKHG








IDWW\ DFLGV DQG JOXFRVH LQWR EURZQ DGLSRVH WLVVXH 6DLWR  )XUWKHU LQFUHDVHG EURZQ
DGLSRVH DFWLYLW\ KDV EHHQ VKRZQ WR LPSURYH JOXFRVH KRPHRVWDVLV DQG LQVXOLQ VHQVLWLYLW\ LQ
DGXOWV &KRQGURQLNROD 7UDQVSODQWDWLRQRIEURZQDGLSRVH WLVVXH LQWRPRXVHPRGHOVRI
GLDEHWHVJUHDWO\LPSURYHVJOXFRVHSDUDPHWHUVLQFOXGLQJIDVWLQJJOXFRVHOHYHOVDQGUHVSRQVHWRD




DQGPHWDEROLVP DQG UHFHQWO\ KDV VWDUWHG WR KHOS XQFRYHU WKH JHQHWLF DUFKLWHFWXUH XQGHUO\LQJ
GLHW-LQGXFHGREHVLW\DQGJOXFRVHKRPHRVWDVLV,WKDVSUHYLRXVO\EHHQVKRZQWKDWIHGDKLJKIDW
GLHW 60- PLFH GLVSOD\ PDQ\ RI WKH FKDUDFWHULVWLFV RI D GLDEHWLF-REHVH PRXVH REHVLW\
K\SHUJO\FHPLD DQG JOXFRVH LQWROHUDQFH DW  ZHHNV RI DJH &KHYHUXG  (KULFK 
/DZVRQ  /DZVRQ D /DZVRQ E:H GLVFRYHUHG WKDW 60- PLFH XQGHUJR D
UHPDUNDEOH WUDQVIRUPDWLRQEHWZHHQDQGZHHNVRIDJH'HVSLWHSHUVLVWHQFHRI WKHREHVH
VWDWH WKHVHPLFHHQWHU LQWRGLDEHWLF UHPLVVLRQ UHWXUQLQJ WRQRUPRJO\FHPLDDQGUHHVWDEOLVKLQJ
JOXFRVH WROHUDQFH DQG LPSURYLQJ LQVXOLQ VHQVLWLYLW\ &RQWHPSRUDU\ ZLWK WKLV UHPLVVLRQ RI
JO\FHPLF SDUDPHWHUV LV D GUDPDWLF H[SDQVLRQ RI WKH LQWUDVFDSXODU EURZQ DGLSRVH GHSRW 2XU
UHVXOWV VWURQJO\ VXJJHVW WKDW 60-¶V EURZQ DGLSRVH FRQWULEXWHV WR GLDEHWLF UHPLVVLRQ WKURXJK
QRQ-WKHUPRJHQLF PHFKDQLVPV 7KLV VWXG\ GHVFULEHV WKH PRUSKRORJLFDO DQG SK\VLRORJLFDO
FKDQJHVWKDWRFFXUGXULQJWKLVWUDQVLWLRQDQGHVWDEOLVKHVWKH60-PRXVHDVDXQLTXHPRGHOIRU







:KHQ IHG D KLJK IDW GLHW IURP  ZHHNV RI DJH 60- PLFH GHYHORS REHVLW\
K\SHUJO\FHPLD DQG LPSDLUHG JOXFRVH WROHUDQFH E\  ZHHNV (KULFK  %\  ZHHNV
GHVSLWHWKHSHUVLVWHQFHRIREHVLW\KLJKIDW-IHG60-¶VUHVROYHWKHLUK\SHUJO\FHPLDDQGLPSDLUHG
JOXFRVHWROHUDQFHWROHYHOVLQGLVWLQJXLVKDEOHIURPORZIDW-IHGFRQWUROV)LJXUH$-'7KLUW\-
ZHHNKLJKIDW-IHG60-PLFHKDYHGUDPDWLFDOO\ LQFUHDVHGVHUXPDQGSDQFUHDWLF LQVXOLQ OHYHOV
FRPSDUHG WR  ZHHN DQLPDOV 0LUDQGD  DQG LQVXOLQ VHQVLWLYLW\ LPSURYHV DORQJ ZLWK
LPSURYHG JO\FHPLF SDUDPHWHUV )LJXUH ( DQG ) 1RWDEO\PHWDEROLF KRUPRQHV VXFK DV
DGLSRQHFWLQJOXFDJRQ,*)DQGOHSWLQGRQRWVKRZDQ\FKDQJHVLQFLUFXODWLQJOHYHOVEHWZHHQ
 DQG ZHHNV )LJXUH  )XUWKHU WKH FKDQJHV LQ JOXFRVH SKHQRW\SHV DUH QRW WUDQVLHQW
HIIHFWV UDWKHU KLJK IDW-IHG DQLPDOV PDLQWDLQ LPSURYHG EDVDO JOXFRVH JOXFRVH WROHUDQFH DQG
LQVXOLQWROHUDQFHDVWKH\DJH)LJXUH 
+LJK IDW-IHG &%/- PLFH DOVR VKRZ D UHGXFWLRQ LQ IDVWLQJ JOXFRVH WKDW LV
DFFRPSDQLHGE\LQFUHDVHGLQVXOLQZLWKDJH$KUHQ,QFRQWUDVWWR60-WKHGLIIHUHQFHLQ
FLUFXODWLQJ JOXFRVH EHWZHHQ WKH KLJK IDW-IHG DQG ORZ IDW-IHG &%/- UHPDLQ VLJQLILFDQWO\
GLIIHUHQWRYHU WLPH0RUHRYHUKLJK IDW-IHG&%/-PLFH VKRZPDUNHGJOXFRVH LQWROHUDQFH
WKDWGRHVQRW UHVROYHZLWKDJH:HREVHUYH D VLPLODU WUHQG LQ WKH/*- VWUDLQRIPLFHZKHUH
KLJK IDW-IHG DQLPDOV PDLQWDLQ KLJKHU IDVWLQJ JOXFRVH OHYHOV DQG LPSDLUHG JOXFRVH WROHUDQFH
UHODWLYH WR ORZ IDW-IHG FRQWUROV DV WKH\ DJH )LJXUH  7KH XQLTXH UHPLVVLRQ RI
















)LJXUH  &LUFXODWLQJ F\WRNLQH OHYHOV LQ 60- PLFH 3ODVPD OHYHOV RI ,*) $ JOXFDJRQ %






























 DQGZHHNV RU UHODWLYH WR ORZ IDW-IHG FRQWUROV )LJXUH $0LFHRQERWKGLHWVXQGHUJR
DOWHUHG DGLSRF\WH DUHD SURILOHV EHWZHHQ  DQG ZHHNV RI DJH KRZHYHU WKH ORZ IDW WLVVXH
GHYHORSV D SURILOH VLJQLILFDQWO\ WUHQGLQJ WRZDUGV ODUJHU DGLSRF\WHV DW  ZHHNV S -
ZKHUHDVWKHKLJKIDWWLVVXHGHYHORSVDSURILOHVLJQLILFDQWO\WUHQGLQJWRZDUGVVPDOOHUDGLSRF\WHV
DWZHHNVS -)LJXUH%-&7KLVVXJJHVWVWKDWWKHH[SDQVLRQRIWKHEURZQDGLSRVH
GHSRW LQ KLJK IDW-IHG PLFH LV QRW WKH UHVXOW RI LQFUHDVHG OLSLG XSWDNH LQWR DOUHDG\ H[LVWLQJ









 IDW-IHG DQLPDOV )LJXUH ' VXJJHVWLQJ WKDW WKH LQFUHDVHGPDVV PD\ EH GXH WR LQFUHDVHG
QXPEHURIFHOOV 
%HFDXVH REHVLW\ KDV EHHQ DVVRFLDWHG ZLWK VWUXFWXUDO DQG IXQFWLRQDO ³ZKLWHQLQJ´ RI
EURZQDGLSRVHGHSRWVLQURGHQWV/DSD5REHUWV-7ROHU6KLPL]X6KLPL]X	
:DOVKZHFRQILUPHGWKDWWKHWLVVXHH[SDQVLRQLQ60-PLFHKDVWKHH[SHFWHGSURSHUWLHV




















 ZHHNV RI DJH FRQILUPV WKH DGLSRF\WHV LQ WKLV H[SDQVLRQ DUH EURZQ DGLSRF\WHV ZLWK VPDOO
PXOWLORFXODUOLSLGGURSOHWVDQGKLJK8&3VWDLQLQJ)LJXUH([SUHVVLRQRIFDQRQLFDOEURZQ
DGLSRVHJHQHV8FS&LGHD(YD3UGP3JFDGRQRWFKDQJHEHWZHHQDQGZHHNV
)LJXUH  QRU LV WKHUH DQ\HYLGHQFHRI D JHQHUDO ³EHLJLQJ´SKHQRPHQRQ LQZKLWH DGLSRVH
WLVVXH :X   7KHUH LV QR VLJQLILFDQW GLIIHUHQFH LQ EURZQ DGLSRVH WLVVXHPLWRFKRQGULDO
FRQWHQW)LJXUH -FRUHERG\WHPSHUDWXUHRUFLUFXODWLQJIUHHIDWW\DFLGVEHWZHHQKLJKDQG
ORZIDW-IHGFRKRUWVRUEHWZHHQDQGZHHNVRIDJH)LJXUH $-%$GGLWLRQDOO\ZKLOH
WKHUH DUH GLHW-GHSHQGHQW GLIIHUHQFHV LQ WKH FDWHFKRODPLQHV QRUHSLQHSKULQH DQG HSLQHSKULQH
ZKLFK DFWLYDWH8&3-PHGLDWHG OHDN UHVSLUDWLRQ DQG QRQ-VKLYHULQJ WKHUPRJHQHVLV WKHUH LV QR
FKDQJHLQOHYHOVEHWZHHQDJHVLQWKHKLJKIDW-IHGPLFH)LJXUH&-'7KXVWKHLQWHUVFDSXODU
DGLSRVHGHSRWLQKLJKIDW-IHG60-PLFHPDLQWDLQVDEURZQDGLSRVHLGHQWLW\DIWHUH[SDQVLRQWKDW




IDW-IHG 60- PLFH SUHYHQWLQJ RU UHPRYLQJ WKDW H[SDQVLRQ VKRXOG UHYHUW WKHLU JOXFRVH
SDUDPHWHUVWRDQXQKHDOWK\VWDWH7RWHVWWKHVHSUHGLFWLRQVZHUHPRYHGWKHLQWHUVFDSXODUEURZQ
DGLSRVH GHSRWV IURP K\SHUJO\FHPLF  DQG QRUPRJO\FHPLF ZHHN-ROGPLFH ,QWHUHVWLQJO\
UHPRYDORIWKHEURZQDGLSRVHGHSRWDWZHHNVGRHVQRWDIIHFWVHUXPJOXFRVHRULQVXOLQOHYHOV
RU WKH JOXFRVH WROHUDQFH RI WKH DQLPDOV LQGLFDWLQJ WKDW WKH H[SDQGHG EURZQ DGLSRVH LV
GRZQVWUHDPRIWKHSULPDU\VLJQDO)LJXUH$-&0LUDQGD+RZHYHUUHPRYDORIWKH
EURZQ DGLSRVH GHSRW EHIRUH H[SDQVLRQ SUHYHQWV WKH QDWXUDO LPSURYHPHQW LQ LQVXOLQ WROHUDQFH


































 WLVVXHRIREHVH60-PLFH VHUYHV DV DQ LQVXOLQ-VWLPXODWHGJOXFRVH VLQN7KLV LV VXSSRUWHGE\




&KHFKL  &\SHVV  +DQVVHQ  6DLWR  6DLWR  6WDQIRUG  YDQ
0DUNHQ/LFKWHQEHOW9LUWDQHQ0RVWEURZQDGLSRVHWLVVXHUHVHDUFKIRFXVHVRQWKH
HIIHFWV RI QRQ-VKLYHULQJ WKHUPRJHQHVLV RQ PHWDEROLF KHDOWK +RZHYHU EURZQ DGLSRVH
FRRUGLQDWHV D GLYHUVH DUUD\ RI SK\VLRORJLFDO SURFHVVHV WKURXJK WKH DFWLRQ RI VHFUHWHG IDFWRUV
DVVRFLDWHGZLWKJOXFRVHKRPHRVWDVLVHJ)*)%03V9(*)$,/-15*3RHNHV








EURZQ DGLSRVH WLVVXH :H KDYH VKRZQ FRUUHVSRQGLQJ LQFUHDVHG H[SUHVVLRQ RI WZR FULWLFDO
PHPEHUV RI WKH LQVXOLQ VLJQDOLQJ SDWKZD\*OXW ZKLFKPHGLDWHV LQVXOLQ-VWLPXODWHG EXW QRW
QRUHSLQHSKULQH-VWLPXODWHG JOXFRVH XSWDNH 6KLPL]X  DQG ,UVZKLFK LV DOVR QHFHVVDU\
IRUEURZQDGLSRVHGLIIHUHQWLDWLRQ)DVVKDXHU,WLVSRVVLEOHWKDWEURZQDGLSRVHH[SDQVLRQ





GLDEHWHV HLWKHU WKURXJK WKH FDORULH EXUQLQJ DFWLRQ RI QRQ-VKLYHULQJ WKHUPRJHQHVLV RU WKH
HQGRFULQH DFWLRQ RI DGLSRNLQHV 5HVHDUFK LQWR WKH HIIHFWV RI EURZQ DGLSRVH RQ V\VWHPLF
PHWDEROLVPLVLQLWVLQIDQF\DQGWKHFRPPXQLW\QHHGVDSSURSULDWHDQLPDOPRGHOVWRLQWHUURJDWH
LWVSK\VLRORJLFDO UROHVDQG LGHQWLI\SRWHQWLDOO\GUXJJDEOH WDUJHWV:HSUHVHQW WKH60-PRXVH
VWUDLQ DV D XQLTXHPRGHO WR DGGUHVV WKLV QHHG7KH60-PRXVH SURYLGHV D WUDFWDEOH JHQHWLF
V\VWHPLQZKLFKWRXQGHUVWDQGWKHUHODWLRQVKLSEHWZHHQEURZQDGLSRVHDQGJO\FHPLFFRQWUROLQ




60- 55,',065B-$; DQG /*- 55,',065B-$; PLFH ZHUH





SODFHGRQDKLJK IDW GLHW NFDO IURP IDW7HNODG7'RU DQ LVRFDORULF ORZ IDW GLHW
 NFDO IURP IDW 5HVHDUFK 'LHWV ' )HHGLQJ ZDV DG OLELWXP 7KH DQLPDO IDFLOLW\
RSHUDWHVRQDKRXUOLJKWGDUNF\FOHZLWKDFRQVWDQWDPELHQW WHPSHUDWXUHRI&$QLPDOV
ZHUHZHLJKHGZHHNO\XQWLO VDFULILFH$W DQGZHHNVRI DJH DQLPDOVZHUH VXEMHFW WRDQ
LQWUDSHULWRQHDO JOXFRVH WROHUDQFH WHVW DIWHU D  KRXU IDVW$W  DQG ZHHNV RI DJH DQLPDOV




$IWHU D  KRXU IDVW DW  RU  ZHHNV RI DJH DQLPDOV ZHUH JLYHQ DQ RYHUGRVH RI VRGLXP
SHQWREDUELWDODQGEORRGZDVFROOHFWHGYLDFDUGLDFSXQFWXUH(XWKDQDVLDZDVDFKLHYHGE\FDUGLDF
SHUIXVLRQZLWK SKRVSKDWH-EXIIHUHG VDOLQH$IWHU FDUGLDF SHUIXVLRQ WLVVXHVZHUH FROOHFWHG DQG




01 86$ (/,6$V PHDVXULQJ SODVPD OHYHOV RI IUHH IDWW\ DFLGV :DNR /LIH 6FLHQFHV -
 OHSWLQ &U\VWDO &KHP  DGLSRQHFWLQ &U\VWDO &KHP  ,*) &U\VWDO
&KHP  DQG JOXFDJRQ &U\VWDO &KHP  ZHUH TXDQWLILHG DFFRUGLQJ WR
PDQXIDFWXUHU¶V SURWRFRO &DWHFKRODPLQHV ZHUH DVVD\HG WKURXJK WKH 9DQGHUELOW 8QLYHUVLW\




ZKLWH DGLSRVH WLVVXHVZHUHSODFHG LQP/RIQHXWUDO EXIIHUHG IRUPDOLQ7KHVH VDPSOHVZHUH










SDUDIILQ ZD[ 6OLGHV ZHUH WKHQ UHK\GUDWHG XVLQJ VXFFHVVLYH GHFUHDVLQJ (W2+ FRQFHQWUDWLRQV
[\OHQHV [   (W2+ [   (W2+  (W2+ +2 6OLGHV ZHUH LQFXEDWHG LQ
KHPDWR[\OLQ/HLFD6XUJLSDWK'HILQH%OXH%XIIHUDQGHRVLQ
 DQG GHK\GUDWHG  (W2+  (W2+ [\OHQH [  ,PDJLQJ ZDV SHUIRUPHG
XVLQJ WKH=HLVV$[LR3ODQPLFURVFRSHDQG2O\PSXV'3VRIWZDUH$QDO\VLVRIDGLSRF\WH VL]H
ZDVSHUIRUPHGXVLQJ ,PDJH- ,PDJHVZHUH FRQYHUWHG WR EODFN DQGZKLWH DQG VNHOHWRQL]HG WR
UHYHDORQO\WKHFHOOZDOORXWOLQHV&HOODUHDZDVFDOFXODWHGIURPRXWOLQHVZLWKDORZHUOLPLWRI
XPDQGXSSHUOLPLWRIXPWRUHGXFHQRLVH$OOFHOOVIURPDFRKRUW-LPDJHVHDFKIURP
DQLPDOVSHUFRKRUW HTXDOQXPEHUVRIPDOHVDQG IHPDOHVZHUHSRROHG IRUFHOO DUHDGHQVLW\
DQDO\VLV $ :HOFK




SDUDIILQ ZD[ 6OLGHV ZHUH WKHQ UHK\GUDWHG XVLQJ VXFFHVVLYH GHFUHDVLQJ (W2+ FRQFHQWUDWLRQV
[\OHQHV[(W2+LQ[\OHQHV(W2+[(W2+(W2+(W2+
+2 LQ0H2++2 6OLGHV ZHUH ZDVKHGZLWK 7%6 DQG EORFNHG LQ  QRUPDO GRQNH\
VHUXP$EFDPDEIRUKRXUIROORZHGE\LQFXEDWLRQZLWKSULPDU\DQWLERG\RYHUQLJKWDW
& >3ULPDU\ DQWLERGLHV UDEELW DQWL-8FS  6LJPD 8 DQG PRXVH DQWL-3++
,QYLWURJHQ0$-@$IWHUDQDGGLWLRQDOZDVKVHFRQGDU\DQWLERG\ZDVDSSOLHGIRU
 KRXU DW URRP WHPSHUDWXUH >6HFRQGDU\ DQWLERGLHV GRQNH\ DQWL-UDEELW   $EFDP






'$3, DQG 3++ FKDQQHOV XVLQJ ,PDJH- '$3, FKDQQHO ZDV XVHG WR LGHQWLI\ WRWDO QXFOHL LQ
&HOO3URILOHU$GLSRVHQXFOHLLPDJHVZHUHRYHUODLGZLWK3++VWDLQWRLGHQWLI\PLWRWLFDGLSRVH




DGLSRVH VDPSOHV XVLQJ WKH 4LDJHQ 51HDV\ /LSLG .LW +LJK-&DSDFLW\ F'1$ 5HYHUVH
7UDQVFULSWLRQ.LW 7KHUPRILVKHU ZDV XVHG IRU UHYHUVH WUDQVFULSWLRQ 4XDQWLWDWLYH-UW3&5ZDV
SHUIRUPHG WR DVVHVV H[SUHVVLRQ OHYHOV RI WDUJHW JHQHV ZLWK DQ $SSOLHG %LRV\VWHPV 86$
4XDQW6WXGLR  )OH[ LQVWUXPHQW XVLQJ 6<%5*UHHQ UHDJHQW 5HVXOWVZHUH QRUPDOL]HG WR/
H[SUHVVLRQZKLFKZDVH[SHULPHQWDOO\GHWHUPLQHGWRQRWEHGLIIHUHQWLDOO\H[SUHVVHGDFURVVGLHW
DQGDJHFRKRUWVF'1$SURGXFWVZHUHDQDO\]HGE\WKH¨&7PHWKRG3ULPHUVOLVWHGLQ7DEOH 
*HQH )RUZDUG3ULPHU 5HYHUVH3ULPHU 
/ 7&&$&$$7*7&$$**$*&7* ***$77**7*$&7&7*$7** 
$GLSRT $&*7&$7&77&**&$7*$&7 &7&7$$$*$77*7&$*7&&$7&7* 
&LGHD 7*&7&77&7*7$7&*&&&$*7 *&&*7*77$$**$$7&7*&7* 
(YD &&$&77&7&&7*$*777$&$*& *&$7777$$&&*$$&$7&7*7&& 
)DES &$&777&&77*7**&$$$*& $$7*7*7*$7*&&777*7** 
3SDUJ *$$7*&*$*7**7&77&&$7 7*&$&7*&&7$7*$*&$&77 
3UGP &&$&&$*&*$**$&77&$& **$**$&7&7&*7$*&7&*$$ 
7E[ **&$**&$*$&*$$7*77& 77*7&$7&7$&***&$&$$$* 
8FS &&7&7&&$*7**$7*7**7$$ $*$$*&&$&$$$&&&777*$ 
&\WE 7&7$&*&7&$$7&&&&$$7$$$& 77$**&77&*77*&777*$**7 







YRUWH[LQJ DQG LQFXEDWLRQ DW & '1$ ZDV SUHFLSLWDWHG ZLWK HWKDQRO FROOHFWHG LQ D VSLQ
FROXPQDQGHOXWHGLQP/RIEXIIHU'1$FRQFHQWUDWLRQZDVTXDQWLILHGRQD1DQRGURSDQG





IDW-IHG60-PLFH$ VPDOO ORQJLWXGLQDO LQFLVLRQZDVPDGHEHWZHHQ WKH VKRXOGHUEODGHV$OO
LQWHUVFDSXODU DGLSRVH WLVVXH ZDV FDUHIXOO\ UHPRYHG DQG D FDXWHUL]LQJ ZDQG XVHG WR VWRS
H[FHVVLYHEOHHGLQJZKHQQHFHVVDU\6XUJHULHVZHUHSHUIRUPHGXQGHUJHQHUDODQHVWKHVLDE\ ,3
LQMHFWLRQRINHWDPLQH[\OD]LQHPJ.JDQGPLFHZHUHPDLQWDLQHGLQWKHVXUJLFDOSODQH
E\ LVRIOXRUDQHR[\JHQ IRU WKH GXUDWLRQ RI WKH SURFHGXUH ,QFLVLRQV ZHUH FORVHG ZLWK -
QRQDEVRUEDEOH VXWXUHV .HWRSURIHQ  PJ.J ZDV SURYLGHG SRVW-SURFHGXUH DQG WRSLFDO











2XWOLHUV ZHUH LGHQWLILHG E\ D *UXEEV WHVW S   DQG UHPRYHG 'DWD ZHUH WHVWHG IRU
VLJQLILFDQWGLIIHUHQFHVDPRQJFRKRUWVE\$129$ZLWKD7XNH\¶VSRVW-KRFFRUUHFWLRQ7KHVH[
;GLHW;DJHWHUPZDVQRWVLJQLILFDQWIRUDQ\SKHQRW\SHVRPDOHVDQGIHPDOHVZHUHSRROHGIRU




































$GLSRVH LVDG\QDPLFHQGRFULQHRUJDQ WKDW LVFULWLFDO IRU UHJXODWLQJPHWDEROLVPDQG LVKLJKO\
UHVSRQVLYHWRQXWULWLRQDOHQYLURQPHQW%URZQDGLSRVHWLVVXHLVDQH[FLWLQJSRWHQWLDOWKHUDSHXWLF
WDUJHW KRZHYHU WKHUH DUHQR V\VWHPDWLF VWXGLHVRIJHQH-E\-HQYLURQPHQW LQWHUDFWLRQV DIIHFWLQJ








SDUWLFXODUO\ KLJKO\ H[SUHVVHG LQ KLJK IDW-IHG 60-PLFHZKLFK VKRZ XQLTXH EURZQ DGLSRVH-
GHSHQGHQWUHPLVVLRQRIGLDEHWHV7KHLQWHUFRQQHFWLYLW\RIJHQHVLQWKHVHPRGXOHVLVDOVRKHDYLO\
GHSHQGHQW RQ GLHW DQG VWUDLQ ZLWK PRVW JHQHV VKRZLQJ ERWK KLJKHU H[SUHVVLRQ DQG FR-
H[SUHVVLRQXQGHUWKHVDPHFRQWH[W:HKLJKOLJKWVHYHUDOJHQHVRILQWHUHVW&ROD&\SE
%PSEDQG1JHIWKDWKDYHGLVWLQFWH[SUHVVLRQSDWWHUQVDPRQJVWUDLQ-E\-GLHWFRQWH[WVDQGIDOO
XQGHU PHWDEROLF 47/ SUHYLRXVO\ PDSSHG LQ DQ ) JHQHUDWLRQ RI DQ DGYDQFHG LQWHUFURVV
EHWZHHQ/*- DQG60-(DFKRI WKHVHJHQHVKDYH VRPHFRQQHFWLRQ WRREHVLW\ DQGGLDEHWHV-
UHODWHG WUDLWV EXW KDYH QRW EHHQ VWXGLHG LQ EURZQ DGLSRVH WLVVXH ,Q VXPPDU\ RXU UHVXOWV
SURYLGH LPSRUWDQW LQVLJKWV LQWR WKH UHODWLRQVKLS EHWZHHQ EURZQ DGLSRVH DQG V\VWHPLF






2EHVLW\ DQG DVVRFLDWHG PHWDEROLF GLVRUGHUV DUH UHDFKLQJ HSLGHPLF SUHYDOHQFH ZRUOG-
ZLGH :KLOH VRPH RI WKLV SUHYDOHQFH LV WKH UHVXOW RI LQFUHDVLQJO\ LQDFWLYH OLIHVW\OHV DQG
FKDQJLQJ GLHWDU\ QRUPV WKH KXQGUHGV RI JHQRPH-ZLGH DVVRFLDWLRQ VWXG\ *:$6 µKLWV¶ IRU
REHVLW\DQGPHWDEROLFGLVHDVHVLQGLFDWHWKHUHLVDOVRDVWURQJJHQHWLFFRPSRQHQW&KHQJ
)DOO	,QJHOVVRQ7KXVLWLVFULWLFDOWRXQGHUVWDQGKRZJHQH-E\-HQYLURQPHQWLQWHUDFWLRQV
DUH FRQWULEXWLQJ WR PHWDEROLF G\VIXQFWLRQ 6XFK LQWHUDFWLRQV KDYH EHHQ VKRZQ WR XQGHUOLH
YDULDWLRQLQREHVLW\DQGGLDEHWHVULVN$EDGL)UDQNV/L	4L/OHZHOO\Q	
:DUGOH1DJSDO6FKUHPSIWDQGPDQ\LQGLYLGXDOJHQHVKDYHEHHQLGHQWLILHG
ZLWK QDWXUDO YDULDQWV LQ KXPDQ SRSXODWLRQV DIIHFWLQJ PHWDEROLF UHVSRQVH WR HQYLURQPHQWDO
SHUWXUEDWLRQV %HQVRQ  3LJH\UH  6Q\GHU  6WXW]PDQQ  :DQJ 
:LOOLDPV  5HVHDUFK LQ DQLPDO PRGHOV LQ SDUWLFXODU PRXVH PRGHOV KDV EHHQ XVHG WR
PDQLSXODWH GLHWDU\ LQWDNH DQG HQYLURQPHQW LQ RUGHU WR EHWWHU XQGHUVWDQG WKH JHQH-E\-
HQYLURQPHQW LQWHUDFWLRQVPRVW UHOHYDQW WR KXPDQPHWDEROLVP %URFNPDQQ	 %HYRYD 
(EHUKDUW  /DZVRQ 	 &KHYHUXG  :D\KDUW 	 /DZVRQ  :HVW 
)UHTXHQWO\VWXGLHVRIREHVLW\LQPLFHORRNDWDGLSRVHWLVVXHDVDSULPDU\PHWDEROLFRUJDQZLWK




8&3 )HOGPDQQ  5RWKZHOO 	 6WRFN  %URZQ DGLSRVH WLVVXH LV IRXQG LQ DGXOW
KXPDQV&\SHVV9LUWDQHQDQGLQFUHDVHGEURZQDGLSRVHDFWLYLW\LVDVVRFLDWHGZLWK
D KHDOWKLHU PHWDEROLF SURILOH &KHFKL  DQG ORZHU ERG\ IDW SHUFHQWDJH YDQ 0DUNHQ
/LFKWHQEHOW ,W LVDOVRDVVRFLDWHGZLWKDPHOLRUDWLRQRIHOHYDWHGSODVPD OLSLG OHYHOV LQD
 
 
 K\SHUOLSLGHPLF PRXVH PRGHO %DUWHOW  DQG UHPLVVLRQ RI WKH PHWDEROLF G\VIXQFWLRQ
DVVRFLDWHG ZLWK LPSDLUHG SDQFUHDWLF LVOHW IXQFWLRQ LQ D PRXVH PRGHO RI W\SH , GLDEHWHV
*XQDZDUGDQD 	 3LVWRQ  0LFH ODFNLQJ EURZQ DGLSRVH WLVVXH GHYHORS REHVLW\ DQG
PHWDEROLFG\VIXQFWLRQ+DPDQQWKDWLVLQGHSHQGHQWIURPWKHORVVRIWKHUPRJHQLF8&3
DFWLYLW\ (QHUElFN  )HOGPDQQ  /LX  LQGLFDWLQJ WKDW EURZQ DGLSRVH
FRQWULEXWHV WR KHDOWK\ PHWDEROLVP WKURXJK WKHUPRJHQHVLV-LQGHSHQGHQW PHFKDQLVPV 6HYHUDO
VWXGLHV KDYH VRXJKW WR LGHQWLI\ SRWHQWLDO PHWDEROLFDOO\-UHOHYDQW EURZQ DGLSRVH F\WRNLQHV RU
³EDWRNLQHV´ XQGHUO\LQJ WKHVHPHFKDQLVPV 'HVKPXNK 9LOODUUR\D :DQJ 
+RZHYHU YHU\ OLWWOH UHVHDUFK KDV IRFXVHG RQ XQGHUVWDQGLQJ WKH SRWHQWLDO UHJXODWLRQ RI WKHVH





:H ZDQWHG WR PRUH EURDGO\ XQGHUVWDQG WKH WUDQVFULSWLRQDO QHWZRUNV H[LVWLQJ ZLWKLQ
EURZQDGLSRVHWLVVXHWRLQYHVWLJDWHKRZWKHVHQHWZRUNVDUHDIIHFWHGE\JHQHWLFEDFNJURXQGDQG
GLHWDU\HQYLURQPHQWDQGGHWHUPLQHKRZWKH\DVVRFLDWHZLWKPHWDEROLFYDULDWLRQ7RGRWKLVZH
FKRVH WR VWXG\ 60- DQG /*- LQEUHG PLFH IHG KLJK DQG ORZ IDW GLHWV 7KHVH VWUDLQV ZHUH
GHULYHGVHSDUDWHO\IRUVPDOO60-RUODUJH/*-ERG\VL]H&KDL*RRGDOHDQG
ERWK VWUDLQV UHVSRQG WR D KLJK IDW GLHW ZLWK REHVLW\ HOHYDWHG IDVWLQJ JOXFRVH DQG LPSDLUHG
JOXFRVHWROHUDQFHDWZHHNVRIDJH(KULFK+RZHYHUE\ZHHNVKLJKIDW-IHG60-
PLFHUHVROYHWKHLUJO\FHPLFG\VIXQFWLRQ7KLVRFFXUVFRQFXUUHQWO\ZLWKDGUDPDWLFH[SDQVLRQRI





D ZHLJKWHG JHQH FR-H[SUHVVLRQ QHWZRUN DQDO\VLV :*&1$ /DQJIHOGHU 	 +RUYDWK 
=KDQJ 	 +RUYDWK  DQG LGHQWLILHG HLJKW SULPDU\ JHQH PRGXOHV ZLWKLQ EURZQ DGLSRVH
WLVVXHWKDWFRUUHODWHZLWKRQHRUPRUHREHVLW\DQGGLDEHWHV-UHODWHGSKHQRW\SHV7KHH[SUHVVLRQ
SURILOH RI JHQHV ZLWKLQ WKHVH PRGXOHV LV GHSHQGHQW RQ ERWK VWUDLQ DQG GLHWDU\ FRQWH[WV
LQGLFDWLQJJHQH-E\-HQYLURQPHQWLQWHUDFWLRQVWKDWFRQWULEXWHVLJQLILFDQWO\WRYDULDWLRQLQEURZQ
DGLSRVH WLVVXH IXQFWLRQ 7KLV VWXG\ LV DQ LPSRUWDQW ILUVW VWHS LQ HOXFLGDWLQJ PHWDEROLFDOO\-
UHOHYDQWEURZQDGLSRVHWUDQVFULSWLRQDOQHWZRUNVKRZWKH\DUHDIIHFWHGE\JHQHWLFEDFNJURXQG









WUDQVFULSW OHYHOV7RXQGHUVWDQGKRZJHQHWLFEDFNJURXQGDQGGLHW LQWHUDFW WRDIIHFW WKHEURZQ
DGLSRVH WUDQVFULSWRPH VDPSOHV ZHUH FOXVWHUHG EDVHG RQ JHQH H[SUHVVLRQ )LJXUH  WRS
6WUDLQ ZDV D PXFK EHWWHU SUHGLFWRU RI RYHUDOO FOXVWHULQJ WKDQ GLHW ZLWK WKH /*- VDPSOHV
FOXVWHULQJ LQWRDVLQJOHJURXSHQFRPSDVVLQJERWKGLHWV7KH60-VDPSOHVVHSDUDWHG LQWR WZR
PDLQFOXVWHUVRQHIRUHDFKGLHWLQGLFDWLQJWKDWWKH60-¶VEURZQDGLSRVHZDVPRUHUHVSRQVLYH
WR GLHWDU\ HQYLURQPHQW$ KHDWPDSZDV XVHG WR YLVXDOL]H WKHPHWDEROLF YDULDWLRQ DPRQJ WKH








HDFKVDPSOHUHG KLJKYDOXHZKLWH ORZYDOXHDQGJUH\ PLVVLQJYDOXHERWWRP 
KLJKHUYDOXHVLQWKHKLJKIDW-IHG60-¶VUHODWLYHWRORZIDW-IHGPLFHRU/*-PLFHRQHLWKHUGLHW
/LSLG OHYHOVZHUHPRUHPL[HG DQG YDULDEOH WKURXJKRXW WKH HQWLUH SRSXODWLRQ /*-PLFH KDG










KLJKSRVLWLYHFRUUHODWLRQZKLWH QRFRUUHODWLRQEOXH KLJKQHJDWLYHFRUUHODWLRQ 
 0RGXOHV HQULFKHG IRU LPPXQHF\WRNLQH UHVSRQVH DQG FHOO GLYLVLRQ FRUUHODWH ZLWK
JOXFRVHSDUDPHWHUVDQGEURZQDGLSRVHWRERG\ZHLJKWUDWLR 











\HOORZ 7KH EOXH DQG EURZQ PRGXOHV LQ SDUWLFXODU KDG VLJQLILFDQW FRUUHODWLRQV ZLWK ERWK
JOXFRVHSKHQRW\SHVDQGEURZQDGLSRVHWRERG\ZHLJKWUDWLR 
7RGHWHUPLQHLIWKHPRGXOHVZHUHHQULFKHGIRUSDUWLFXODUFODVVHVRIJHQHVZHHPSOR\HG
*HQH 2QWRORJ\ *2 WHUP HQULFKPHQW ZLWKLQ HDFK PRGXOH 7KUHH PRGXOHV KDG PXOWLSOH
HQULFKHG*2WHUPVDQGZHUHDVVLJQHGDJHQHUDOGHVFULSWRUWHUPIRUWKHWRSHQULFKHGWHUPV
EOXH LPPXQHF\WRNLQHUHVSRQVHEURZQ FHOOGLYLVLRQDQGUHG RUJDQLFPROHFXOHPHWDEROLF
SURFHVVHV7KHSLQNPRGXOHKDGRQO\RQHHQULFKHG*2WHUPSHUR[LVRPHZKLOHWKHUHPDLQLQJ
IRXU PRGXOHV KDG QR VLJQLILFDQWO\ HQULFKHG *2 WHUPV DW DQ )'5    7R IRFXV WKH






OHDVW RQH LPPXQHRU LPPXQHF\WRNLQH UHVSRQVHPRGXOHZDVSUHVHQW LQERWK VWUDLQV DQGERWK
GLHWVKRZHYHUWKHFHOOGLYLVLRQPRGXOHRQO\DSSHDUHGLQWKHKLJKIDW-IHG60-EURZQDGLSRVH
7KLVOHGXVWRK\SRWKHVL]HWKDWVRPHPRGXOHVPD\EHGULYHQE\H[SUHVVLRQZLWKLQDSDUWLFXODU
FRKRUW 7R WHVW WKLV ZH SHUIRUPHG SULQFLSDO FRPSRQHQWV DQDO\VLV RQ WKH JHQHV ZLWKLQ HDFK
PRGXOH)LJXUH 
9DULDWLRQ LQ WKHEOXH LPPXQHF\WRNLQHUHVSRQVHPRGXOHZDVGULYHQPDLQO\E\VWUDLQ
ZKLFKWKHQIXUWKHUVHSDUDWHGE\GLHWZLWKLQVWUDLQ,WLVZHOO-HVWDEOLVKHGWKDWZKLWHDGLSRVHWLVVXH
LVDQLPPXQRORJLFDOO\DFWLYHRUJDQWKDWLQREHVLW\GLVSOD\VERWKDFWLYHDQGDGDSWLYHLPPXQH














60- PLFH )XUWKHU KLJK IDW-IHG 60- PLFH KDG WKH KLJKHVW EURZQ DGLSRVH WR ERG\ ZHLJKW
UDWLRVDQGRXUSUHYLRXVZRUNVKRZHGWKDWWKHEURZQDGLSRVHH[SDQVLRQREVHUYHGLQWKHVHPLFH





6WUDLQ-VSHFLILF YDULDWLRQGULYHVGLIIHUHQWLDO H[SUHVVLRQDQGGLIIHUHQWLDO FRQQHFWLYLW\
ZLWKLQEURZQDGLSRVHJHQHPRGXOHV 
7R LGHQWLI\ WKH JHQHV WKDW ZHUH PRVW GLIIHUHQWLDOO\ H[SUHVVHG EHWZHHQ WKH GLHWV DQG
VWUDLQV ZH FDOFXODWHG ERWK GLIIHUHQWLDO H[SUHVVLRQ DQG FRQQHFWLYLW\ &RPELQLQJ WKHVHPHWULFV
DOORZHG XV WR LQYHVWLJDWH LQGLYLGXDO JHQHV LQ WUDQVFULSWLRQDO QHWZRUNV WKDW DUH SDUWLFXODUO\
VXVFHSWLEOH WR GLIIHUHQFHV LQ GLHWV RU JHQHWLF EDFNJURXQGV 7R RXU NQRZOHGJH WKLV KDV QHYHU
EHHQ H[SORUHG LQ EURZQ DGLSRVH WLVVXH *HQHV SDVVLQJ DQ )'5 WKUHVKROG RI  ZHUH
FRQVLGHUHGGLIIHUHQWLDOO\H[SUHVVHG UHJDUGOHVVRI IROGFKDQJH&RQQHFWLYLW\ZDV FDOFXODWHG DV
WKH GHJUHH RI FR-H[SUHVVLRQ RI HDFK JHQH ZLWK DOO RWKHU JHQHV LQ WKDW PRGXOH *HQHV ZLWK
GLIIHUHQFHV LQ FRQQHFWLYLW\ JUHDWHU WKDQ  EHWZHHQ GLHWV RU VWUDLQV ZHUH FRQVLGHUHG
GLIIHUHQWLDOO\FRQQHFWHG 
*HQHV LQ WKH LPPXQHF\WRNLQH UHVSRQVH EOXH FHOOGLYLVLRQ EURZQDQGSHUR[LVRPH
SLQN PRGXOHV KDG LQFUHDVHG FRQQHFWLYLW\ LQ KLJK IDW-IHG PLFH UHJDUGOHVV RI JHQHWLF
















DQDO\VLV JHQHVZLWK KLJK GLIIHUHQWLDO H[SUHVVLRQ DOVR KDG LQFUHDVHG FRQQHFWLYLW\ LQ WKH VDPH
JHQHWLF EDFNJURXQG+RZHYHU WKLVPD\ EH VNHZHG E\ WKH RYHUDOO TXDQWLW\ RI JHQHV WKDW DUH
GLIIHUHQWLDOO\ H[SUHVVHG E\ VWUDLQ 7DEOH  7R EUHDN GRZQ FRQQHFWLYLW\ DQG H[SUHVVLRQ
SDWWHUQV EHWZHHQ GLHWV DQG EHWZHHQ VWUDLQVZH FODVVLILHG JHQHV WKDW VKRZHGERWK GLIIHUHQWLDO
FRQQHFWLYLW\DQGVLJQLILFDQWGLIIHUHQWLDOH[SUHVVLRQEHWZHHQGLHWVRUEHWZHHQVWUDLQVDVSRWHQWLDO
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PHWDEROLF YDULDWLRQ ZH ILOWHUHG IRU JHQHV WKDW DUH GLIIHUHQWLDOO\ FRQQHFWHG DQG GLIIHUHQWLDOO\
H[SUHVVHGZLWKDIROGFKDQJH7KLVSURGXFHGDOLVWRIJHQHVRIZKLFKEHORQJHGWRWKH
LPPXQHF\WRNLQHEOXHRUFHOOGLYLVLRQEURZQPRGXOHV7DEOH $ ,QWHUHVWLQJO\ WKHVH
JHQHV ZHUH DOO XSUHJXODWHG DQG KDYH KLJKHU FRQQHFWLYLW\ LQ WKH KLJK IDW-IHG 60- FRKRUW
LQGLFDWLQJWKDWWKHEURZQDGLSRVHRI60-PLFHLVSDUWLFXODUO\UHVSRQVLYHWRQXWULWLRQDOH[FHVV 
7KLV LV FRQVLVWHQW ZLWK RXU SUHYLRXV ZRUN VKRZLQJ EURZQ DGLSRVH WLVVXH-GHSHQGHQW
UHVROXWLRQ RI GLDEHWHV LQ KLJK IDW-IHG 60-PLFH &KDSWHU  1LQHWHHQ RI WKHVH KXE JHQHV
FRQWDLQHG VPDOO QXFOHRWLGH YDULDQWV EHWZHHQ WKH /*- DQG 60- VWUDLQV 1LNROVNL\ 
7DEOH$ZKLFKFRXOGEHFRQWULEXWLQJWRWKHJHQH-E\-HQYLURQPHQWDOGLIIHUHQWLDOH[SUHVVLRQ
SDWWHUQVZHREVHUYH )XUWKHU IRXU RI WKHVH JHQHV &ROD%PSE&\SE DQG1JHI IDOO





















 QXWULWLRQDO FRQGLWLRQV +DXJHQ	'UHYRQ 5RVHQ	6SLHJHOPDQ 6HWKL	9LGDO-
3XLJ  7KRXJK EURZQ DGLSRVH KDV KLJK WKHUDSHXWLF SRWHQWLDO IRU REHVLW\ DQG UHODWHG
PHWDEROLFGLVRUGHUVUHVHDUFKRQWKLVWLVVXHLVLQLWVLQIDQF\DQGPRVWJHQHWLFVWXGLHVIRFXVRQ
LGHQWLI\LQJWKHIDFWRUVLQYROYHGLQLWVWKHUPRJHQLFIXQFWLRQDQGLQGHWHUPLQLQJEURZQDGLSRF\WH
LGHQWLW\<HW UHFHQW UHVHDUFK UHYHDOV WKDWEURZQDGLSRVH LVD VRXUFHRIHQGRFULQH VLJQDOVZLWK
ERWKDQWL-GLDEHWLFDQGDQWL-REHVRJHQLFSURSHUWLHV/RZHOO6WDQIRUG+LJKIDWGLHW
KDV EHHQ VKRZQ WR DOWHU EURZQ DGLSRVH DFWLYLW\ DQG EOXQW LWV SRVLWLYH HIIHFWV RQ V\VWHPLF




JHQHWLF EDFNJURXQG DQG GLHW RQ EURZQ DGLSRVH WUDQVFULSWLRQDO QHWZRUNV DVVRFLDWLQJ ZLWK
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,PPXQH&\WRNLQHUHVSRQVHUHG 2UJDQLFPHWDEROLFSURFHVVHV\HOORZ 1R(QULFKPHQW*77 








GHPRQVWUDWHG WKDW KLJK IDW-IHG 60- PLFH GUDPDWLFDOO\ H[SDQG WKHLU LQWHUVFDSXODU EURZQ
DGLSRVH GHSRWV DQG WKDW FRQWHPSRUDU\ ZLWK WKLV H[SDQVLRQ PLFH HQWHU GLDEHWLF UHPLVVLRQ
&KDSWHU  8QGHUVWDQGLQJ WKH JHQHWLF XQGHUSLQQLQJV RI WKLV SKHQRPHQRQ FRXOG RSHQ QHZ
DYHQXHV IRU XQGHUVWDQGLQJ QRYHO ELRORJ\ DQG KLJKOLJKW WKHUDSHXWLF WDUJHWV IRU REHVLW\-UHODWHG
PHWDEROLFG\VIXQFWLRQ 
:H LGHQWLILHG HLJKW SULPDU\ JHQH FR-H[SUHVVLRQ PRGXOHV WKDW ZHUH KLJKO\ FRUUHODWHG
ZLWKREHVLW\DQGGLDEHWHV WUDLWV )LJXUH )RXURI WKHVHPRGXOHVVKRZHGVLJQLILFDQWRYHU-
UHSUHVHQWDWLRQ RI JHQHV EHORQJLQJ WR ELRORJLFDO FDWHJRULHV WKDW DIIHFW DGLSRVH IXQFWLRQ DQG
V\VWHPLF PHWDEROLVP LPPXQHF\WRNLQH UHVSRQVH SHUR[LVRPHV RUJDQLF PHWDEROLF SURFHVVHV
DQG FHOO GLYLVLRQ *HQHV LQYROYHG LQ LPPXQH DQG F\WRNLQH UHVSRQVH VKRZHG D FRQVHUYHG





FRPSRVLQJ WKH RUJDQLF PHWDEROLF SURFHVVHV FDWHJRU\ LQFOXGH WKRVH WKDW SHUIRUP HVVHQWLDO
IXQFWLRQVLQJOXFRVHDQGOLSLGXSWDNH*HQHVLQYROYHGLQFHOOGLYLVLRQIRUPDQHWZRUNVSHFLILFWR




















1JHI QHXURQDO JXDQLQH QXFOHRWLGH H[FKDQJH IDFWRU LV SDUW RI WKH \HOORZ QR HQULFKPHQW
PRGXOHZKLFKLVKLJKO\FRUUHODWHGZLWKERG\ZHLJKW9DULDQWVLQ1JHIKDVEHHQDVVRFLDWHGZLWK
DGLSRVLW\ LQ WZR VHSDUDWH JHQRPH-ZLGH DVVRFLDWLRQ VWXGLHV LQ KXPDQV .LP  1RUULV









VXFK GLVHDVHV WKHUH KDYH EHHQ QR VWXGLHV RQ JHQH-E\-HQYLURQPHQW LQWHUDFWLRQV LQ EURZQ
DGLSRVH WLVVXHDQGIHZVWXGLHVRQEURZQDGLSRVH LQPRXVHVWUDLQVRWKHU WKDQ&%/-2XU
UHVXOWV LQGLFDWH WKDW JHQH-E\-HQYLURQPHQW LQWHUDFWLRQV VLJQLILFDQWO\ FRQWULEXWH WR YDULDWLRQ LQ
EURZQDGLSRVHWUDQVFULSWLRQDOQHWZRUNV8QGHUVWDQGLQJKRZJHQHWLFYDULDWLRQPHGLDWHVEURZQ
DGLSRVH WLVVXH¶V UHVSRQVH WR DQ REHVRJHQLF GLHW ZLOO EH NH\ WR KDUQHVVLQJ LWV WKHUDSHXWLF
SRWHQWLDO)XUWKHUWKHXQLTXHWUDQVFULSWRPLFSURILOHRIKLJKIDW-IHG60-EURZQDGLSRVHWLVVXH
DQG LWV FRUUHODWLRQZLWK GLDEHWLF UHPLVVLRQ KLJKOLJKW FRPSHOOLQJ FDQGLGDWHV IRU XQGHUVWDQGLQJ





$QLPDO JHQHUDWLRQ DQG SKHQRW\SLQJZHUH GHVFULEHG LQ VHFWLRQ  6L[W\-IRXU /*-
DQG60-PLFHZHUH XVHG IRU VHTXHQFLQJ DQDO\VLV UHSUHVHQWLQJ PDOHV DQG  IHPDOHV IURP
HDFK GLHW KLJK DQG ORZ IDW DQG DJH  DQG  ZHHNV 7RWDO 51$ ZDV LVRODWHG IURP
LQWHUVFDSXODUEURZQDQGUHSURGXFWLYHZKLWHDGLSRVHWLVVXHVXVLQJWKH51HDV\/LSLG7LVVXH.LW
4,$JHQ 51$ FRQFHQWUDWLRQ ZDV PHDVXUHG YLD 1DQRGURS DQG 51$ TXDOLW\LQWHJULW\ ZDV
DVVHVVHGZLWKD%LR$QDO\]HU$JLOHQW51$VHTOLEUDULHVZHUHFRQVWUXFWHGXVLQJWKH5LER=HUR
NLW,OOXPLQDIURPWRWDO51$VDPSOHVZLWK5,1VFRUHV!/LEUDULHVZHUHFKHFNHGIRUTXDOLW\
DQG FRQFHQWUDWLRQ XVLQJ WKH '1$ /DE&KLS DVVD\ $JLOHQW DQG TXDQWLWDWLYH 3&5
DFFRUGLQJ WRPDQXIDFWXUHU¶VSURWRFRO/LEUDULHVZHUHVHTXHQFHGDW[SDLUHGHQGUHDGVRQ




)$674 ILOHVZHUH ILOWHUHG WR UHPRYH ORZTXDOLW\ UHDGV DQG DOLJQHG DJDLQVW /*- DQG
60-FXVWRPJHQRPHVXVLQJ67$5'RELQ1LNROVNL\ %ULHIO\/*-DQG60-
LQGHOV DQG 619V ZHUH OHYHUDJHG WR FRQVWUXFW VWUDLQ-VSHFLILF JHQRPHV XVLQJ WKH *5&-
PPUHIHUHQFHDVDWHPSODWH7KLVZDVGRQHE\UHSODFLQJUHIHUHQFHEDVHVZLWKDOWHUQDWLYH/*






	 +RUYDWK  %ULHIO\ HGJH5-QRUPDOL]HG FRXQWV IRU HDFK JHQH ZHUH FRQYHUWHG WR D
VWDQGDUG QRUPDO *HQHV ZLWK VWDQGDUG GHYLDWLRQ RI DW OHDVW  ZHUH GHHPHG ELRORJLFDOO\
YDULDEOH DQG XVHG LQ WKH VXEVHTXHQW DQDO\VLV  JHQHV WRWDO .RJHOPDQ  6DPSOHV
ZHUH FOXVWHUHG EDVHG RQ H[SUHVVLRQ RI DOO JHQHV DQG WZR ORZ IDW IHPDOH /*- VDPSOHVZHUH
UHPRYHGDVRXWOLHUVEHIRUHFRQWLQXLQJZLWKWKHDQDO\VLV7KHDGMDFHQF\PDWUL[ZDVFUHDWHGIURP
ELZHLJKWPLGFRUUHODWLRQV FDOFXODWHGEHWZHHQ DOO JHQHV DQG UDLVHG WR DSRZHUȕRI FKRVHQ
EDVHGRQDVFDOH-IUHHWRSRORJ\LQGH[DERYH5DLVLQJWKHDEVROXWHYDOXHRIWKHFRUUHODWLRQE\
WKLV SRZHU LV GRQH WR HPSKDVL]H KLJK FRUUHODWLRQV DW WKH H[SHQVH RI ORZ FRUUHODWLRQV )XOOHU
 
7KH EORFNZLVH0RGXOHV IXQFWLRQZDV XVHG WR FUHDWH DQ XQVLJQHG7RSRORJLFDO2YHUODS






FRUUHODWLRQVZHUH FRQVLGHUHG VLJQLILFDQW DW DQ )'5-FRUUHFWHG S-YDOXH  DQG DQ DEVROXWH
FRUUHODWLRQ RI DW OHDVW  *HQH 2QWRORJ\ WHUP HQULFKPHQW ZDV FDOFXODWHG IRU LQGLYLGXDO
PRGXOHV IURP D EDFNJURXQG RI DOO H[SUHVVHG JHQHV LQ WKH GDWDVHW0RGXOHVZHUH FRQVLGHUHG






HIIHFWVZHUH QRW GULYLQJPRGXOH DVVLJQPHQW7KRXJK WKH VH[ VXEQHWZRUNV YDULHG LQ WKH WRWDO
QXPEHU RIPRGXOHV DVVLJQHG ERWK VKRZHG DPRGXOH UHODWHG WR WKH RULJLQDO ³EOXH´ LPPXQH
F\WRNLQH UHVSRQVH ³EURZQ´ FHOO GLYLVLRQ DQG ³UHG´ RUJDQLF PROHFXOH PHWDEROLF SURFHVVHV
PRGXOHV 7KH ³SLQN´ SHUR[LVRPH PRGXOH GLG QRW UHSOLFDWH EXW WKLV LV OLNHO\ GXH WR WKH
HQULFKPHQWIRUWKDWRULJLQDOPRGXOHEHLQJUHODWLYHO\ZHDNHU%RQIHUURQL-FRUUHFWHGS IRUD
VLQJOH WHUP YV PXOWLSOH VLJQLILFDQWO\ HQULFKHG WHUPV LQ WKH EOXH EURZQ DQG UHG PRGXOHV
%DVHGRQWKHVHUHVXOWVZHSRROHGERWKVH[HVIRUWKHDQDO\VHVLQWKLVSDSHU 
'LIIHUHQWLDO&RQQHFWLYLW\ 
 'LIIHUHQWLDO FRQQHFWLYLW\ LV DPHDVXUH RI WKH GLIIHUHQFHV LQ JHQH LQWHUDFWLRQV EHWZHHQ
KLJK DQG ORZ IDW-IHG PLFH RU EHWZHHQ 60- DQG /*- PLFH 7KH FRQQHFWLYLW\ RI HDFK JHQH
ZLWKLQHDFKFRKRUWZDVFDOFXODWHGZLWKDQDGMDFHQF\PDWUL[DVDPHDVXUHRIKRZFRUUHODWHGWKH





 FRQQHFWLYLW\ RI WKH RWKHU FRKRUW RU DQ DEVROXWH N'LII ! *HQHVZLWK SRVLWLYH GLIIHUHQWLDO
FRQQHFWLYLW\DUHPRUHKLJKO\FRQQHFWHGLQWKH+)RU60FRKRUWVWKDQLQWKH/)RU/*FRKRUWV
7R IXUWKHUQDUURZGRZQJHQHV LQWR WKRVHPRVW OLNHO\ WREHELRORJLFDOO\ LPSDFWIXOKXEJHQHV
GLIIHUHQWLDOH[SUHVVLRQEHWZHHQGLHWVDQGVWUDLQVZDVFDOFXODWHGIRUDOOJHQHVXVLQJWKHH[DFW7HVW
IXQFWLRQ LQ HGJH5 *HQHV ZLWK DQ )'5-FRUUHFWHG S-YDOXH   DUH FRQVLGHUHG WR EH
VLJQLILFDQWO\GLIIHUHQWLDOO\H[SUHVVHG+XEJHQHVLQGLHWRUVWUDLQFRQWH[WVZHUHFDOOHGDVWKRVH




































 8QGHUVWDQGLQJ WKHJHQHWLF UHJXODWLRQRIKHDOWK\EURZQDGLSRVH IXQFWLRQFRXOG OHDG WR




DUH HQULFKHG IRU F\WRNLQH DQG H[WUDFHOOXODU IXQFWLRQVZLWK DQ RYHUDOO KHDOWKLHU WUDQVFULSWLRQDO
SURILOHSDUWLFXODUO\ WKURXJKGHFUHDVHGH[SUHVVLRQRI LQIODPPDWRU\JHQHV:HKLJKOLJKW6IUS
VHFUHWHG IUL]]OHG-UHODWHGSURWHLQ DV D FRPSHOOLQJ FDQGLGDWH JHQH WKDW LV OLNHO\GULYLQJ WKH









SRWHQWLDO WR LPSURYH KHDOWK XQGHU REHVH DQG GLDEHWLF FRQGLWLRQV 1XPHURXV VWXGLHV KDYH
GHILQHG QRQ-VKLYHULQJ WKHUPRJHQHVLV JOXFRVH DQG OLSLG XSWDNH DQG HQGRFULQH VLJQDOLQJ
IXQFWLRQVIRUEURZQDGLSRVHWLVVXHWKDWDIIHFWZKROH-ERG\PHWDEROLVP&DQQRQ	1HGHUJDDUG
3RHNHV6WDQIRUG7KHUHKDYHDOVREHHQVHYHUDOVWXGLHVWKDWORRNHGDWKRZ
EURZQDGLSRVH WLVVXH LV DIIHFWHGE\ DJLQJREHVLW\ DQG WKHLU LQWHUDFWLRQ$JLQJ UHVXOWV LQ WKH
 
 
 ³ZKLWHQLQJ´ RI EURZQ DGLSRVH ZLWK WLVVXH UHPRGHOLQJ DQG ORVV RI WKHUPRJHQLF DFWLYLW\
*RQFDOYHV/HFRXOWUH	5DYXVVLQ3IDQQHQEHUJ<RQHVKLUR2EHVLW\




 +DYLQJ FKDUDFWHUL]HG WKH EURZQ DGLSRVH H[SDQVLRQ LQ 60- PLFH DV D JHQHWLF
SKHQRPHQRQSURPRWLQJKHDOWK\ JO\FHPLF FRQWURO LQREHVLW\ZHZDQWHG WRGHWHUPLQH LI WKHUH
DUH XQLTXH WUDQVFULSWLRQDO FKDQJHV LQ WKH EURZQ DGLSRVH WLVVXH WKDW DFFRPSDQ\ WKH XQLTXH
SK\VLRORJLFDOFKDQJHV7RGRWKLVZHSHUIRUPHG51$-VHTXHQFLQJRQWKHLQWHUVFDSXODUEURZQ
DQGUHSURGXFWLYHZKLWHDGLSRVHWLVVXHRIKLJKDQGORZ-IDWIHG60-DQG/*-PLFHDWDQG




6HFUHWHG IUL]]OHG-UHODWHG SURWHLQ  6IUS DV D FRPSHOOLQJ FDQGLGDWH JHQH XQGHUO\LQJ WKH
















 51$ VHTXHQFLQJ UHYHDOV DOWHUHG H[SUHVVLRQ RI F\WRNLQH DQG H[WUDFHOOXODU PDWUL[
JHQHVLQ60-EURZQDGLSRVHDWZHHNV 
 6LQFH WKH EURZQ DGLSRVH WLVVXH H[SDQVLRQ LV XQLTXH WR KLJK IDW-IHG 60- PLFH ZH
DQWLFLSDWHG WKDW WKHUH ZRXOG EH FRUUHVSRQGLQJ XQLTXH WUDQVFULSWRPLF FKDQJHV LQ WKH EURZQ
DGLSRVH,QGHHGZHLGHQWLILHGJHQHVZKRVHH[SUHVVLRQVLJQLILFDQWO\DQGXQLTXHO\FKDQJHV
EHWZHHQDQGZHHNVRIDJHLQKLJKIDW-IHG60-EURZQDGLSRVHWLVVXHDWD)'5RXWRI
 WRWDO JHQHV H[SUHVVHG 7DEOH $ 7KHVH H[SUHVVLRQ FKDQJHV RFFXU ZKHQ WKH PLFH
UHVROYHWKHLUJO\FHPLFG\VIXQFWLRQDQGH[SDQGWKHLUEURZQDGLSRVHGHSRWV7KHVHJHQHVDUHQRW





DUH QRW GLIIHUHQWLDOO\ H[SUHVVHG LQ WKH /*-
VWUDLQ RI PRXVH RQFH DJDLQ XQGHUVFRULQJ WKH
JHQHWLFEDVLVRIWKHSKHQRPHQRQ)LJXUH% 
2YHU-UHSUHVHQWDWLRQ DQDO\VLV LQGLFDWHV WKHVH
JHQHV DUH HQULFKHG IRU WKRVH LQYROYHG LQ
F\WRNLQH-F\WRNLQH UHFHSWRU LQWHUDFWLRQV
S H- VLJQDOLQJ UHFHSWRU DFWLYLW\ S  
H- FHOO VXUIDFH UHFHSWRU VLJQDOLQJ
S H- DQG H[WUDFHOOXODU PDWUL[
FRPSRQHQWV S    H- )LJXUH &
6HYHUDO JHQHV EHORQJLQJ WR WKHVH ELRORJLFDO
FDWHJRULHV KDYH HYLGHQFH IRU WKHLU LQYROYHPHQW
LQ JOXFRVH KRPHRVWDVLV DQG FKDQJH H[SUHVVLRQ
LQ D GLUHFWLRQ WKDW LV DVVRFLDWHGZLWK LPSURYHG
PHWDEROLF KHDOWK LQ KLJK IDW-IHG 60-PLFH EHWZHHQ  DQG ZHHNV RI DJH )LJXUH 
7KHVH DUH LQWULJXLQJ UHVXOWV EHFDXVH EURZQ DGLSRVH KDV EHHQ LGHQWLILHG DV D VRXUFH RI
F\WRNLQHV WKDW LQIOXHQFH JOXFRVH KRPHRVWDVLV DQG H[WUDFHOOXODUPDWUL[ FKDQJHV DUH HVVHQWLDO
IRU WLVVXH H[SDQVLRQ FHOOXODU VLJQDOLQJ DQG UHJXODWLRQRI JURZWK IDFWRU ELRDYDLODELOLW\ /LQ
:DQJ  +RZHYHU H[WUHPH FKDQJHV LQ (&0 SURWHLQ OHYHOV DUH DVVRFLDWHGZLWK
)LJXUH   ([SUHVVLRQ RI F\WRNLQH DQG
H[WUDFHOOXODU SURWHLQV FKDQJHV WR D KHDOWKLHU
SURILOHZLWKEURZQDGLSRVHH[SDQVLRQ+HDWPDSRI
GLIIHUHQWLDOO\ H[SUHVVHG EURZQ DGLSRVH WLVVXH JHQHV
EHWZHHQ KLJK IDW-IHG  DQG  ZHHN-ROG PLFH




 DGLSRVH G\VIXQFWLRQ LQ REHVLW\ WKXV D ILQH EDODQFH EHWZHHQ WLVVXH UHPRGHOLQJ DQG H[FHVVLYH
DFFXPXODWLRQRI(&0SURWHLQVPXVWEHDFKLHYHGWRPDLQWDLQDGLSRVHWLVVXHKRPHRVWDVLV6XQ
7KHGLUHFWLRQRIH[SUHVVLRQFKDQJH LQKLJKIDW-IHG60-PLFHUHYHDOV WKDW WKHLUEURZQ
DGLSRVHH[SDQVLRQLVDVVRFLDWHGZLWKGHFUHDVHGH[SUHVVLRQRI LQIODPPDWRU\HJ LQWHUOHXNLQ
UHFHSWRU,OU.LPDQGILEURWLFPDUNHUVHJFROODJHQW\SH9,,,DOSKDFKDLQ&ROD
VHPDSKRULQ & 6HPDF 0HMKHUW  6XQ  DQG FKDQJHV LQ H[WUDFHOOXODU PDWUL[
FRPSRQHQWV HJPDWUL[PHWDOORSHSWLGDVH0PSSURFROODJHQF-HQGRSHSWLGDVHHQKDQFHU
3FROFH+XDQJ/HHDQGF\WRNLQHV HJFRDJXODWLRQIDFWRU9,,) OHSWLQ/HS
VHFUHWHG IUL]]OHG-UHODWHG SURWHLQ  6IUS '¶VRX]D  (GpQ  *DXJHU 
DVVRFLDWHG ZLWK PHWDEROLF KHDOWK 2WKHU PRXVH PRGHOV RI GLHW-LQGXFHG REHVLW\ GHYHORS
XQKHDOWK\ EURZQ DGLSRVH WUDQVFULSWRPHV FKDUDFWHUL]HG E\ LQFUHDVHG H[SUHVVLRQ RI SUR-
LQIODPPDWRU\JHQHVDQGILEURWLFPDUNHUV$OFDOi7KHGLUHFWLRQRIH[SUHVVLRQFKDQJHLQ
60-EURZQDGLSRVHWLVVXHVXSSRUWVWKHXQLTXHQHVVRIWKLVPRXVHPRGHO 




LQKLELWV:QWȕ-FDWHQLQ VLJQDOLQJ:QWȕ-FDWHQLQ VLJQDOLQJSURPRWHV WKH ILEUREODVW LGHQWLW\DQG
6IUS EORFNV:QW VLJQDOLQJ WR SURPRWH DGLSRJHQHVLV *DXJHU  /DJDWKX  :DQJ
,WVH[SUHVVLRQVLJQLILFDQWO\LQFUHDVHVLQKLJKIDW-IHG60-EURZQDGLSRVHEHWZHHQDQG
ZHHNVZKHQ WKHPLFH LQFUHDVH WKH VL]H RI WKHLU EURZQ DGLSRVH GHSRWV DQG HQWHU GLDEHWLF
UHPLVVLRQ DQG GRHV QRW LQFUHDVH LQZKLWH DGLSRVH RI WKHVH VDPH DQLPDOV RU LQ WKHZKLWH RU









EXW GRHV QRW FRUUHODWH ZLWK WKHVH SDUDPHWHUV LQ /*- PLFH )LJXUH  :H SHUIRUPHG
PHGLDWLRQDQDO\VLVDQGIRXQGWKDWWKHHIIHFWVRI6IUSH[SUHVVLRQRQJOXFRVHWROHUDQFHLQKLJK
IDW-IHG60-¶VLVVLJQLILFDQWO\PHGLDWHGE\EURZQDGLSRVHPDVVS  
'DWDIURPKXPDQ*:$6UHYHDOHGVHYHUDOYDULDQWV LQ WKH6)53ORFXV LQFOXGLQJRQH
YDULDQW UV WKDW LV VLJQLILFDQWO\ DVVRFLDWHG ZLWK W\SH ,, GLDEHWHV DGMXVWHG IRU %0,
)LJXUH$0DKDMDQ7KHUHDUHVHYHUDOYDULDQWVLQWKH6IUSORFXVEHWZHHQ60-DQG









)LJXUH % /DZVRQ  /DZVRQ E7KHVH GDWD IXUWKHU XQGHUVFRUH WKDW WKH60-








)LJXUH *HQHWLF YDULDWLRQ LQ6IUS ORFXV RI KXPDQV DQGPLFH6FUHHQVKRWRIYDULDQWVLQKXPDQ




%URZQ DGLSRVH WLVVXH KDV WUDGLWLRQDOO\ EHHQ VWXGLHG IRU WKH HIIHFW RI QRQ-VKLYHULQJ
WKHUPRJHQHVLV RQ ZKROH-ERG\ PHWDEROLVP &DQQRQ 	 1HGHUJDDUG  7KRXJK UHFHQW
VWXGLHV KDYH DOVR LQWHUURJDWHG WKH HQGRFULQH UROH RI EURZQ DGLSRVH WLVVXH 3RHNHV 
WUDQVFULSWLRQDO DQDO\VLV VWLOO SULPDULO\ IRFXVHV RQ WKH FRQWURO RI EURZQ DGLSRVH LGHQWLW\ DV







:QW DZD\ IURP LWV UHFHSWRU OHDGLQJ WR SKRVSKRU\ODWLRQ DQG GHJUDGDWLRQ RI EHWD-FDWHQLQ DQG WKXV
DOORZLQJDQDGLSRJHQLFWUDQVFULSWLRQDOSURJUDP 
:HDQDO\]HG WKH WUDQVFULSWRPHRIH[SDQGHGEURZQDGLSRVH WLVVXH LQREHVH60-PLFH
ZLWKJO\FHPLFFRQWURODQGIRXQGWKDWJHQHVDVVRFLDWHGZLWKF\WRNLQHDFWLYLW\DUHHQULFKHGLQWKH
H[SDQGHG WLVVXH DQG GLDEHWLF UHPLVVLRQ &\WRNLQH VHFUHWLRQ OLNHO\ FRQWULEXWHV WR WKH REHVLW\-
LQGHSHQGHQW DELOLW\ RI 60-¶V EURZQ DGLSRVH WLVVXH WR DIIHFW V\VWHPLF JOXFRVH PHWDEROLVP
0DWVXVKLWD6DPPV:HKLJKOLJKW6IUSDVDSDUWLFXODUO\LQWULJXLQJF\WRNLQHWKDW
PD\ XQGHUOLH WKLV SKHQRPHQRQ 6IUS LQKLELWV :QW VLJQDOLQJ WKXV SURPRWLQJ DGLSRJHQHVLV
$FNHUV 	 0DOJRU  %HQQHWW  /DJDWKX  ([SUHVVLRQ RI 6IUS LQFUHDVHV DV
DGLSRF\WHV GLIIHUHQWLDWH SURSRUWLRQDO WR WKH VWUHQJWK RI DGLSRJHQLF VWLPXODWLRQ DQG DOVR
LQFUHDVHVGXULQJWUHDWPHQWZLWKWKLD]ROLGLQHGLRQHGUXJVZKLFKJHQHUDOO\DFWWKURXJKLPSURYLQJ
LQVXOLQ-PHGLDWHG JOXFRVHPHWDEROLVP /DJDWKX  7KRXJK6IUS KDV QHYHU EHHQ GLUHFWO\
VWXGLHG LQ EURZQ DGLSRVH WLVVXH LW LV DPHPEHU RI D EURZQ DGLSRVH FRH[SUHVVLRQPRGXOH RI
JHQHV HQULFKHG IRU FHOO GLYLVLRQ ZLWK LWV H[SUHVVLRQ VWURQJO\ FRUUHODWHG ZLWK EURZQ DGLSRVH
PDVVLQSDUWLFXODU&KDSWHU 




 IRXQG WR EH GHILFLHQW LQ REHVH SDWLHQWV ZLWK JO\FHPLF G\VIXQFWLRQ &KHQ 	 :DQJ 
(KUOXQG  /DJDWKX  )LQDOO\ KLJK IDW-IHG 6IUS-- PLFH VKRZ G\VUHJXODWLRQ RI
JOXFRVHPHWDEROLVPLQFOXGLQJGRZQUHJXODWLRQRI*OXWLQZKLWHDGLSRVHWLVVXH*DXJHU
:H VKRZ LQFUHDVHG6IUS H[SUHVVLRQ LQ DQ H[SDQGLQJ EURZQ DGLSRVH GHSRW WKDW FRUUHVSRQGV
ZLWK LQFUHDVHG *OXW H[SUHVVLRQ XQGHUO\LQJ SRWHQWLDO LPSURYHPHQW LQ LQVXOLQ-VWLPXODWHG
JOXFRVHXSWDNH7KRXJKSUHYLRXVVWXGLHVRI6IUSKDYHRQO\EHHQFRQGXFWHG LQZKLWHDGLSRVH
WLVVXH WKHGDWDZHSUHVHQW ILWDPRGHOZKHUHEURZQDGLSRF\WH-VHFUHWHG6)53PD\DFW LQDQ










)XQFWLRQDO HQULFKPHQW RI GLIIHUHQWLDOO\ H[SUHVVHG JHQHV ZDV WHVWHG E\ RYHU-
UHSUHVHQWDWLRQDQDO\VLVLQWKH:(%-EDVHG*HQH6HW$QDO\VLV7RRONLWY=KDQJ:H
SHUIRUPHG DQDO\VHV RI JHQH RQWRORJLHV ELRORJLFDO SURFHVV FHOOXODU FRPSRQHQW PROHFXODU
IXQFWLRQ SDWKZD\ .(** DQG SKHQRW\SH 0DPPDOLDQ 3KHQRW\SH 2QWRORJ\ )RU HDFK
WLVVXHWKHOLVWRIDOOXQLTXHGLIIHUHQWLDOO\H[SUHVVHGJHQHVZDVDQDO\]HGDJDLQVWWKHEDFNJURXQG





 &RQILUPDWLRQ RI 6IUS H[SUHVVLRQ OHYHOV LQ ZKLWH DQG EURZQ DGLSRVH WLVVXH ZDV
SHUIRUPHG DV GHVFULEHG LQ VHFWLRQ  )RUZDUG SULPHU 7$&7**&&&*$*$7*&7&$$
5HYHUVHSULPHU*$**&77&&*7**7$77*** 
6WDWLVWLFV 
 $V SUHYLRXVO\ GHVFULEHG  GDWD ZHUH WHVWHG IRU VLJQLILFDQW GLIIHUHQFHV DPRQJ
FRKRUWV E\ $129$ ZLWK D 7XNH\¶V SRVW-KRF FRUUHFWLRQ 3-YDOXHV  ZHUH FRQVLGHUHG































LQ REHVLW\ ZLWK UHGXFHG WKHUPRJHQLF DFWLYLW\ DOWHUHG F\WRNLQH VHFUHWLRQ DQG DGLSRF\WH
K\SHUWURSK\,QWKH/DZVRQODEZHKDYHLGHQWLILHGDPRXVHPRGHORIGLHW-LQGXFHGREHVLW\WKDW
GHYHORSVKHDOWK\ JO\FHPLF FRQWURO FRQFXUUHQWZLWK DQ H[SDQVLRQRIEURZQDGLSRVHPDVV0\
WKHVLVFKDUDFWHUL]HVWKHUROHRIEURZQDGLSRVHWLVVXHLQWKLVPRXVHPRGHORIKHDOWK\REHVLW\7R
GRWKLV,IRFXVHGRQWKHIROORZLQJTXHVWLRQV,VWKHH[SDQGHGEURZQDGLSRVHUHTXLUHGIRUWKH
GHYHORSPHQW RI KHDOWK\ REHVLW\ RU LV LW D VHFRQGDU\ SKHQRW\SH"  'RHV WKH EURZQ DGLSRVH
WLVVXH IXQFWLRQ DQG PRUSKRORJ\ FKDQJH GXULQJ WKH H[SDQVLRQ"  $UH WKHUH WUDQVFULSWLRQDO
FKDQJHVWKDWDFFRPSDQ\WKHH[SDQVLRQDQGDQ\FKDQJHVLQIXQFWLRQ" 










 JO\FHPLF SDUDPHWHUV WR OHYHOV HTXLYDOHQW WR ORZ IDW-IHG PLFH D UHVROXWLRQ WKDW LV VXVWDLQHG
WKURXJK DW OHDVW  ZHHNV RI DJH DQG LV QRW REVHUYHG LQ WKH FRQWURO /*- VWUDLQ RI PLFH ,
DVVHVVHGVHUXPOHYHOVRIWKHPHWDEROLFKRUPRQHVDGLSRQHFWLQOHSWLQJOXFDJRQDQG,*)WRVHH
LI FKDQJHV LQ WKHVH PROHFXOHV FRXOG EH GULYLQJ WKH PHWDEROLF SKHQRW\SHV EXW QRQH VKRZHG
FKDQJHV EHWZHHQ  DQG  ZHHNV LQ WKH KLJK IDW-IHG PLFH ,QVWHDG , IRXQG WKH JO\FHPLF
LPSURYHPHQWZDVDFFRPSDQLHGE\DXQLTXHDQGGUDPDWLFH[SDQVLRQRIWKHLQWHUVFDSXODUEURZQ
DGLSRVH GHSRW , K\SRWKHVL]HG WKDW LQFUHDVHG WLVVXHPDVVPXVW RFFXU HLWKHU WKURXJK LQFUHDVHG
QXPEHU RI FHOOV LQFUHDVHG VL]H RI H[LVWLQJ FHOOV RU D FRPELQDWLRQ RI WKH WZR , IRXQG QR




PRVW UHVHDUFK LQWR WKLVDELOLW\ IRFXVHVRQ WKHHIIHFWVRIQRQ-VKLYHULQJ WKHUPRJHQHVLV &KHFKL
 &\SHVV  +DQVVHQ  6DLWR  6DLWR  6WDQIRUG  YDQ0DUNHQ
/LFKWHQEHOW9LUWDQHQ7RGHWHUPLQHZKHWKHU WKHH[SDQVLRQRIEURZQDGLSRVH LQ
WKHKLJKIDW-IHG60-PLFHZDVSURPRWLQJJO\FHPLFFRQWUROWKURXJKWKHUPRJHQHVLV,TXDQWLILHG
WKH H[SUHVVLRQ RI VHYHUDO JHQHV NQRZQ WR EH PDUNHUV IRU WKLV SURFHVV8FS&LGHD (YD
3JFDDQG3UGPDVZHOODV7E[DPDUNHUJHQHVSHFLILFWREHLJLQJLQZKLWHDGLSRVHWLVVXH
GH-RQJ6HDOH1RQHRI WKHVHJHQHVVKRZHGGLIIHUHQWLDOH[SUHVVLRQEHWZHHQ
DQG  ZHHNV LQ EURZQ RU ZKLWH DGLSRVH GHSRWV VXJJHVWLQJ WKDW WKHUH LV QR LQFUHDVH LQ
WKHUPRJHQHVLVRQDSHUFHOOEDVLV+RZHYHULWLVSRVVLEOHWKDWVLPSO\KDYLQJPRUHWKHUPRJHQLF
FHOOV LQ WKHEURZQDGLSRVHGHSRW FRXOG OHDG WR LQFUHDVHG WKHUPRJHQHVLVE\ WKHGHSRW HYHQ LI




 OHYHOVZKLFK ,ZRXOG H[SHFW WR GHFUHDVH LI WKHUHZDV LQFUHDVHG OLSLG XSWDNH LQWR WKH EURZQ
DGLSRVH GHSRW IRU XVH DV WKHUPRJHQLF IXHO DQG VHUXP OHYHOV RI WKH FDWHFKRODPLQHV
QRUHSLQHSKULQH DQG HSLQHSKULQH ZKLFK VWLPXODWH WKHUPRJHQHVLV 1RQH RI WKHVH SDUDPHWHUV
VKRZHGDQ\FKDQJHVLQKLJKIDW-IHG60-PLFHEHWZHHQDQGZHHNVWKHUHIRUH,FRQFOXGHG
WKDW WKH EURZQ DGLSRVH H[SDQVLRQ LV QRW FDXVLQJ JO\FHPLF FRQWURO WKURXJK LQFUHDVHG
WKHUPRJHQHVLV 
7KRXJK WKH FR-RFFXUUHQFH RI JO\FHPLF UHVROXWLRQ DQG EURZQ DGLSRVH H[SDQVLRQ LV
VWULNLQJ LW ZDV SRVVLEOH WKDW WKH SKHQRPHQD ZHUH XQUHODWHG RU WKDW WKH EURZQ DGLSRVH
H[SDQVLRQZDVQRWGLUHFWO\FRQWULEXWLQJWRWKHJO\FHPLFUHVROXWLRQ7RWHVWWKHQHFHVVLW\RIWKH
EURZQ DGLSRVH GHSRW IRU JO\FHPLF LPSURYHPHQWV LQ WKH KLJK IDW-IHG 60-PLFH , VXUJLFDOO\
UHPRYHG WKHGHSRW IURPPLFHEHIRUH ZHHNVDQGDIWHU ZHHNV WKH\ VKRZHGJO\FHPLF
LPSURYHPHQWV 5HPRYDO RI WKH EURZQ DGLSRVH GHSRW GLG QRW DIIHFW WKH UHVROXWLRQ RI EDVDO
JOXFRVH OHYHOV RU JOXFRVH WROHUDQFH EXW LW GLG UHVXOW LQ ORVV RI WKH LPSURYHPHQW LQ LQVXOLQ
WROHUDQFHWKDWZHREVHUYHGLQPLFHWKDWGLGQRWXQGHUJRVXUJHU\7KLVVXJJHVWHGWKDWWKHEURZQ
DGLSRVH H[SDQVLRQ LQ KLJK IDW-IHG 60- PLFH SULPDULO\ FRQWULEXWHV WR V\VWHPLF PHWDEROLF
LPSURYHPHQWV WKURXJK EHWWHU LQVXOLQ-VWLPXODWHG JOXFRVH XSWDNH ZKLFK ZDV DQ HVWDEOLVKHG
EURZQDGLSRVH IXQFWLRQHYHQEHIRUH WKHGLVFRYHU\RIDGUHQHUJLFVWLPXODWLRQRI WKHUPRJHQHVLV
0DUHWWH	%XNRZLHFNL7KHH[SDQGHGEURZQDGLSRVHWLVVXHVKRZVLQFUHDVHGH[SUHVVLRQ
RIWZRNH\PHPEHUVRIWKHLQVXOLQVLJQDOLQJSDWKZD\*OXWZKLFKPHGLDWHVLQVXOLQ-VWLPXODWHG
EXW QRW QRUHSLQHSKULQH-VWLPXODWHG JOXFRVH XSWDNH 6KLPL]X  DQG ,UV ZKLFK LV DOVR
QHFHVVDU\ IRU EURZQ DGLSRVH GLIIHUHQWLDWLRQ )DVVKDXHU  ,QVXOLQ-VWLPXODWHG JOXFRVH
XSWDNHLVXVXDOO\EOXQWHGLQREHVLW\DQGGLDEHWLF-OLNHFRQGLWLRQV/DSD2UDYDEXW
WUDQVSODQWDWLRQRIEURZQDGLSRVHDPHOLRUDWHV WKLVEOXQWLQJ6WDQIRUG ,W LVSRVVLEOH WKDW




 7UDQVFULSWLRQDO &R-([SUHVVLRQ 1HWZRUNV LQ %URZQ $GLSRVH 7LVVXH DUH +HDYLO\
'HSHQGHQWRQ'LHWDQG*HQHWLF%DFNJURXQG 
 ,Q &KDSWHU  , GHVFULEH P\ UHVXOWV IURP DQDO\]LQJ WUDQVFULSWLRQDO FR-H[SUHVVLRQ
QHWZRUNVLQEURZQDGLSRVHWLVVXH,XVHGWKHPLFHSKHQRW\SHGLQ&KDSWHUDQGREWDLQHG51$-
VHTXHQFLQJGDWD IRU WKHEURZQDGLSRVHWLVVXHIURPIRXUPLFHLQHDFKVH[IHPDOHRUPDOHE\
GLHW KLJK IDW RU ORZ IDW-IHG E\ DJH  RU  ZHHNV E\ VWUDLQ /*- RU 60- FRKRUW
7UDQVFULSWRPHFOXVWHULQJUHYHDOHG WKDW/*-EURZQDGLSRVH LVPXFKPRUHVXVFHSWLEOH WRGLHW-
LQGXFHG FKDQJHV WKDQ LV 60- EURZQ DGLSRVH KLJKOLJKWLQJ WKH LPSRUWDQFH RI DFFRXQWLQJ IRU
JHQHWLFEDFNJURXQGZKHQSHUIRUPLQJPHWDEROLFUHVHDUFK,LGHQWLILHGHLJKWJHQHFR-H[SUHVVLRQ
FOXVWHUVWKDWFRUUHODWHGVLJQLILFDQWO\ZLWKRQHRUPRUHSKHQRW\SLFWUDLW2IWKHVHHLJKWFOXVWHUV
IRXU KDG VLJQLILFDQW HQULFKPHQW IRU DW OHDVW RQH JHQH RQWRORJ\ WHUP LPPXQH DQG F\WRNLQH
UHVSRQVH FHOO GLYLVLRQ SHUR[LVRPH DQG RUJDQLFPROHFXOHPHWDEROLF SURFHVVHV 7KH LPPXQH
DQGF\WRNLQH UHVSRQVH DQGRUJDQLFPROHFXODUPHWDEROLFSURFHVVHV FOXVWHUVZHUH FRQVHUYHG LQ
PXOWLSOH VWUDLQ DQG GLHW VXE-FRKRUWV VXJJHVWLQJ WKDW WKHVH JHQH QHWZRUNV DUH LPSRUWDQW IRU
DGLSRVH IXQFWLRQ UHJDUGOHVV RI GLHW RU JHQHWLF EDFNJURXQG *HQHV LQYROYHG LQ LPPXQH DQG
F\WRNLQH UHVSRQVH FRUUHODWHG ZLWK LQVXOLQ DQG JOXFRVH WUDLWV FRQVLVWHQW ZLWK WKH DVVRFLDWLRQ
EHWZHHQGLDEHWHV-UHODWHG WUDLWVDQG LQIODPPDWLRQRIDGLSRVH WLVVXH &ROHWWD*DR
âNRSNRYi  =H\GD  *HQHV LQ WKH RUJDQLF PHWDEROLF SURFHVVHV FDWHJRU\ LQFOXGH
WKRVH WKDW SHUIRUP HVVHQWLDO IXQFWLRQV LQ JOXFRVH DQG OLSLG XSWDNH ZKLFK H[SODLQV WKHLU
FRUUHODWLRQZLWKVHUXPOLSLGWUDLWV 









JO\FHPLFSDUDPHWHUV DQG WKHXQLTXH H[SDQVLRQRIEURZQDGLSRVH LQKLJK IDW-IHG60-PLFH
LQGLFDWH WKDW WKH JHQHV LQ WKLV FOXVWHU DUH FRPSHOOLQJ FDQGLGDWHV IRU IXUWKHU VWXGLHV RI WKH
LQWHUDFWLRQEHWZHHQEURZQDGLSRVHDQGV\VWHPLFPHWDEROLVP 
*HQH-E\-HQYLURQPHQW LQWHUDFWLRQV DUH FULWLFDO IRU XQGHUVWDQGLQJ WKH LQWULFDFLHV DQG
QXDQFHVRIREHVLW\DQGPHWDEROLFG\VIXQFWLRQ7KRXJKWKHUHLVLQWHUHVWLQEURZQDGLSRVHWLVVXH
DVDSRWHQWLDOWKHUDSHXWLFWDUJHWIRUPHWDEROLFGLVHDVHVWKHUHKDYHEHHQQRVWXGLHVRQJHQH-E\-
HQYLURQPHQW LQWHUDFWLRQV LQ EURZQ DGLSRVH WLVVXH DQG IHZ VWXGLHV RQ EURZQ DGLSRVH LQ DQ\
PRXVHVWUDLQVRWKHUWKDQ&%/-0\UHVXOWVLQGLFDWHWKDWJHQH-E\-HQYLURQPHQWLQWHUDFWLRQV
VLJQLILFDQWO\ FRQWULEXWH WR YDULDWLRQ LQ WUDQVFULSWLRQDO QHWZRUNV RI EURZQ DGLSRVH WLVVXH




 ,Q &KDSWHU  , GHWDLO UHVXOWV IURP P\ DQDO\VLV RI WUDQVFULSWLRQDO FKDQJHV LQ EURZQ
DGLSRVH WLVVXH EHWZHHQ  DQG  ZHHNV RI DJH +LJK IDW-IHG 60- EURZQ DGLSRVH ZKLFK
XQGHUJRHV D GUDPDWLF H[SDQVLRQ FRUUHVSRQGLQJ ZLWK LPSURYHG ZKROH-ERG\ JOXFRVH
KRPHRVWDVLVLVWKHRQO\WLVVXHWRVKRZGLVWLQFWGLIIHUHQWLDOH[SUHVVLRQEHWZHHQWKHVHWZRDJHV
9HU\IHZJHQHVZHUHGLIIHUHQWLDOO\H[SUHVVHGLQEURZQDGLSRVHWLVVXHIURP/*-DQGORZIDW-
IHG 60- PLFH RU LQ ZKLWH DGLSRVH WLVVXH IURP DQ\ FRKRUWV 7KH  JHQHV GLIIHUHQWLDOO\
H[SUHVVHG LQ EURZQ DGLSRVH RI KLJK IDW-IHG 60- PLFH ZHUH HQULFKHG IRU F\WRNLQH DQG
 
 
 H[WUDFHOOXODU UHJLRQ IXQFWLRQV ZLWK H[SUHVVLRQ OHYHOV DW  ZHHNV FRQVLVWHQW ZLWK KHDOWKLHU
DGLSRVHIXQFWLRQSDUWLFXODUO\WKURXJKUHGXFHGH[SUHVVLRQRILQIODPPDWRU\JHQHV 
 , IRFXVHG RQ 6IUS 6HFUHWHG IUL]]OHG-UHODWHG SURWHLQ  DV D JHQH HQFRGLQJ D
SDUWLFXODUO\ LQWHUHVWLQJ F\WRNLQH 6IUS LV DQ LQKLELWRU RI :QW VLJQDOLQJ DQG WKXV SURPRWHV
DGLSRJHQHVLV$FNHUV	0DOJRU%HQQHWW+XDQJ.HQQHOO	0DF'RXJDOG
/DJDWKX/LQ5RVV2YHUH[SUHVVLRQRI:QWPROHFXOHVUHVXOWVLQPLFH
ZLWK GHFUHDVHG DGLSRVH ZLWK D  GHFUHDVH LQ EURZQ DGLSRVH WLVVXH :ULJKW 
([SUHVVLRQ RI 6IUS LQFUHDVHV SURSRUWLRQDO WR WKH VWUHQJWK RI DGLSRJHQLF VWLPXODWLRQ GXULQJ
DGLSRJHQHVLVDQGDOVRLQFUHDVHVGXULQJWUHDWPHQWZLWKWKLD]ROLGLQHGLRQHGUXJVZKLFKJHQHUDOO\
DFW WKURXJK LPSURYLQJ LQVXOLQ-PHGLDWHG JOXFRVH PHWDEROLVP /DJDWKX  +LJK IDW-IHG
6IUS--PLFHGHYHORSGHFUHDVHGH[SUHVVLRQRI*OXWLQZKLWHDGLSRVHWLVVXHIXUWKHULPSOLFDWLQJ
WKHUROHRI6IUSLQJOXFRVHKRPHRVWDVLV*DXJHU7KRXJK6IUSKDVQHYHUEHHQGLUHFWO\
VWXGLHGLQEURZQDGLSRVHWLVVXH LW LVDPHPEHURI WKHEURZQDGLSRVHFRH[SUHVVLRQPRGXOHRI





,QKXPDQREHVLW\6)53 H[SUHVVLRQ LVGRZQUHJXODWHG LQ VXEFXWDQHRXVZKLWH DGLSRVH
WLVVXH FRUUHODWLQJZLWK LPSDLUHG LQVXOLQ VHQVLWLYLW\ (KUOXQG)XUWKHU LWV H[SUHVVLRQ LV
GHFUHDVHG LQREHVHSDWLHQWVZLWKJO\FHPLFG\VIXQFWLRQ &KHQ	:DQJ(KUOXQG
/DJDWKX7KHUHDUHPXOWLSOHJHQHWLFYDULDQWV LQ WKH6)53 ORFXV LQKXPDQV LQFOXGLQJ
RQHWKDWLVVLJQLILFDQWO\DVVRFLDWHGZLWKW\SH,,GLDEHWHVDGMXVWHGIRU%0,UV0DKDMDQ
 DV ZHOO DV PXOWLSOH YDULDQWV EHWZHHQ /*- DQG 60- JHQHWLF VHTXHQFHV LQ WKH 6IUS
 
 
 UHJLRQ VXJJHVWLQJ WKDW JHQHWLF EDFNJURXQG SOD\V DQ LPSRUWDQW UROH LQ WKH HIIHFW RI 6IUS RQ
V\VWHPLFPHWDEROLVP 
2YHUDOO , KDYH LGHQWLILHG LQFUHDVHG 6IUS H[SUHVVLRQ LQ DQ H[SDQGLQJ EURZQ DGLSRVH
GHSRW WKDW FRUUHVSRQGV ZLWK LQFUHDVHG*OXW H[SUHVVLRQ XQGHUO\LQJ LPSURYHPHQW LQ LQVXOLQ-
VWLPXODWHGJOXFRVHXSWDNH7KRXJKSUHYLRXVVWXGLHVRI6IUSKDYHRQO\EHHQFRQGXFWHGLQZKLWH





 0\GLVVHUWDWLRQ UHVHDUFKKDV HVWDEOLVKHG DPRGHO IRUKHDOWK\QRQ-WKHUPRJHQLFEURZQ
DGLSRVHIXQFWLRQLQREHVLW\WUDQVFULSWLRQDOFR-H[SUHVVLRQQHWZRUNVLQEURZQDGLSRVHFRUUHODWLQJ
ZLWKPHWDEROLFWUDLWVDQGWKHUROHRIWKHF\WRNLQH6IUSDVDSURPRWHURIDGLSRJHQHVLVLQEURZQ
DGLSRVH+RZHYHU WKHUH LV VWLOO D JUHDW GHDO WR XQFRYHU LQ WKHPRGHO LWVHOI LWV DSSOLFDWLRQ WR
KXPDQREHVLW\DQGWKHDFWLRQRI6IUSLQSDUWLFXODU 
 )LUVW , KDYH HVWDEOLVKHG WKDW WKH H[SDQVLRQ RI WKH LQWHUVFDSXODU EURZQ DGLSRVH GHSRW
DIIHFWVLQVXOLQVHQVLWLYLW\EXWLVQRWUHTXLUHGIRUWKHJHQHUDOLPSURYHPHQWLQEDVDOJOXFRVHDQG
JOXFRVH WROHUDQFH ,QVWHDG WKDW LPSURYHPHQW LV OLNHO\ D UHVXOW RI LQFUHDVHG VHUXP LQVXOLQ DQG
LPSURYHG LVOHW IXQFWLRQ0LUDQGD7KHVSHFLILFPHFKDQLVPE\ZKLFKDKLJKIDWGLHW LQ
WKH 60- EDFNJURXQG OHDGV WR EURZQ DGLSRJHQHVLV LV VWLOO XQFOHDU , K\SRWKHVL]H WKDW WKH
HOHYDWHGVHUXPLQVXOLQ OHYHOVDUH WKHSULPDU\DGLSRJHQLFVLJQDOZKLFKFRXOGEH WHVWHGZLWKD
EURZQDGLSRVH-VSHFLILFNQRFNRXWRILQVXOLQUHFHSWRUV7HPSOHPDQ7HPSOHPDQ 
 6HFRQG WKLV PRGHO RI QRQ-WKHUPRJHQLF EURZQ DGLSRVH IXQFWLRQ LPSURYLQJ JO\FHPLF
 
 




DGLSRVH WLVVXH DUH WKHUHIRUH RYHUORRNHG LQ KXPDQ REHVLW\ 2QH WKHRU\ RQ SHRSOH ZLWK
PHWDEROLFDOO\ KHDOWK\ DQG XQKHDOWK\ REHVLW\ LV WKDW GLIIHUHQFHV LQ DGLSRVH WLVVXH GHWHUPLQH
ZKHWKHU DGGLWLRQDO PHWDEROLF GLVRUGHUV DUH GHYHORSHG %OKHU  'HQLV 	 2ELQ 
.DUHOLV3ULPHDX<HWWKLVWKHRU\RQO\GLVFXVVHVWKHGLVWULEXWLRQRIZKLWHDGLSRVH
EHWZHHQ VXEFXWDQHRXV DQG YLVFHUDO DGLSRVH GHSRWV ,W ZRXOG EH LQWHUHVWLQJ WR GHWHUPLQH LI
SHRSOH ZLWK REHVLW\ WKDW KDYH KLJKHU EURZQ DGLSRVH PDVV EXW QRW LQFUHDVHG WKHUPRJHQLF
DFWLYLW\DUHPRUHOLNHO\WRPDLQWDLQDPHWDEROLFDOO\KHDOWK\VWDWH 







RI ILEUREODVWV LQWREURZQDGLSRF\WHV:HKDYH DOVR VWDUWHG WKHSURFHVVRIJHQHUDWLQJDEURZQ
DGLSRVH-VSHFLILF NQRFNRXW RI 6IUS LQ 60- PLFH 7KLV ZLOO DOORZ GHWHUPLQDWLRQ RI ZKHWKHU
6IUSLVQHFHVVDU\IRUWKHEURZQDGLSRVHH[SDQVLRQDQGDVVRFLDWHGPHWDEROLFLPSURYHPHQWV7R
FRPSOHPHQWWKLVH[SHULPHQWRYHUH[SUHVVLQJ6IUSLQDGLIIHUHQWPRXVHPRGHORIGLHW-LQGXFHG







-WKHUPRJHQLF PHFKDQLVP E\ ZKLFK EURZQ DGLSRVH FDQ SRVLWLYHO\ DIIHFW V\VWHPLF JOXFRVH
PHWDEROLVP 7KLV IXQFWLRQ FRXOG EH XWLOL]HG LQ REHVLW\ ZKHUH WKHUPRJHQLF DFWLYLW\ KDV EHHQ
EOXQWHG 
, KDYH LGHQWLILHG EURZQ DGLSRVH WUDQVFULSWLRQDO FR-H[SUHVVLRQ QHWZRUNV WKDW FRUUHODWH
ZLWKPHWDEROLF SKHQRW\SHV 7KHVH QHWZRUNV KLJKOLJKW JHQHV UHODWHG WR LPPXQH DQG F\WRNLQH
UHVSRQVH DQG RUJDQLF PROHFXOH PHWDEROLF SURFHVVHV WKDW FRXOG EH VWXGLHG LQ EURZQ DGLSRVH
WLVVXHIRUWKHILUVWWLPH)XUWKHU,LGHQWLILHGJHQHVUHODWHGWRFHOOGLYLVLRQWKDWFRUUHODWHZLWKWKH
LQFUHDVHG EURZQ DGLSRVH PDVV LQ KLJK IDW-IHG 60- PLFH 7KLV LQFOXGHV WKH SUR-DGLSRJHQLF
F\WRNLQH6IUSZKLFKKDVQHYHUEHIRUHEHHQVWXGLHGLQEURZQDGLSRVHWLVVXH 
7KHVH H[FLWLQJ UHVXOWV XOWLPDWHO\ FRPH IURP D SKHQRPHQRQ REVHUYHG FRPSOHWHO\ E\


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 0RGXOH *HQH '(BGLHW '&BGLHW '(BVWUDLQ '&BVWUDLQ 613V )XQF613V 47/ 
EOXH &\SE +) +) 60 60 <HV 1R *77 
EOXH 6GN +) +) 60 60 <HV 1R 1R 
EURZQ %5LN +) +) 60 60 1R 1R 1R 
EURZQ &ROD +) +) 60 60 <HV <HV 7* 
EURZQ )ROK +) +) 60 60 <HV <HV 1R 
EURZQ *DEEU +) +) 60 60 <HV 1R 1R 
EURZQ ,WJDG +) +) 60 60 <HV 1R 1R 
EURZQ 6KLVD +) +) 60 60 <HV 1R 1R 
EURZQ 6OFD +) +) 60 60 <HV 1R 1R 
EURZQ 6OFD +) +) 60 60 <HV 1R 1R 
UHG %PSE /) /) 60 60 <HV 1R *77 
\HOORZ $TS /) /) 60 60 <HV 1R 1R 
\HOORZ &U\EJ /) /) 60 60 <HV <HV 1R 
\HOORZ &\SE +) +) /* 60 <HV 1R 1R 
\HOORZ 0\O /) /) 60 60 <HV 1R 1R 
\HOORZ 1JHI /) /) 60 60 <HV 1R &KRO 
\HOORZ 3WKU /) /) 60 60 <HV <HV 1R 
\HOORZ 5DEE /) /) 60 60 <HV 1R 1R 
\HOORZ 5I[ /) /) 60 60 <HV 1R 1R 
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